Errata 


Title & Document Type: E1428A GSa/s Digitizing Oscilloscope Service Manual 
Manual Part Number: E1428-97002 


Revision Date: June 1, 1999 


HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, semiconductor products and chemical analysis 
businesses are now part of Agilent Technologies. We have made no changes to this 
manual copy. The HP XXXX referred to in this document is now the Agilent XXXX. 

For example, model number HP8648A is now model number Agilent 8648A. 

About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 


Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.tm.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 



Agilent Technologies 




HP 75000 SERIES C 



1 GSa/s 

Digitizing Oscilloscope 
HP E1428A 


Service Manual 


Enclosed is the Service Manual for the HP E1428A1 GSa/s Digituing 
Oscilloscope. Insert this manual into the binder that came with the HP 
E1428A User’s Manual 



HEWLETT 

PACKARD 



Copsnright © Hewlett-Packard Company, 1991,1999 


Manual Part Number E1428-97002 


Printed: January 1999 
Printed in U.S.A. 



HP 75000 SERIES C 


1 GSa/s 

Digitizing Oscilloscope 
HP E1428A 


Service Manual 


S«ri8l Numbers 

Attached to the backplane connector of the instrument 
is a serial number plate. The serial number is in the 
form: OOOOAOOOOO. The first four digits and the letter 
are the serial number prefix. The last five digits are the 
suffix. The prefix is the same f(M’identical instruments; 
it changes only udien a configuration change is made to 
the instrument The suffix, however, is assigned 
sequentially and is different for each instrument 

This manual applies directly to instruments with serial 
numbers prefix^ 3142A and above. 



HEWLETT 

PACKARD 


Copyri^t © Hewlett-Packard Company, 1991,1999 

Manual Part Number E1428-97002 


Printed: January 1999 
Printed in U.S.A 
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WARRANTY 
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Restricted Rights Legend 
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Safety Summary 

The following general safety precautions must be observed during all phases of operation, service, and repair of this product 
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards (rf design, 
manufacture, and intended use of the product Hev^tt-Packard Company assumes no liability for the customer's failure to 
comply with these requirements. 

Ground the equipment: For Safety Qass 1 equipment (equipment having a protective earth terminal), an uninterruptible safety earth 
groimd must be provided from the mains power source to the product iiqnit wiring terminals or supplied power cable. 

DO NOT operate the product in an explodve atmo^here or in the presence of flammable gases or fumes. 

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rating and type. DO NOT 
use repaired fuses or short-circuited fuseholders. 

Keep away from live circuits: Operating persoimel must not remove equipment covers or shields. Procedures involving the removal of 
covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages may exist even with the 
equipment switched off. To avoid dangerous electrical shock, EXJ NOT perform procedures involving cover or ^eld removal unless you 
are qualified to do so. 

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this product have been 
impaired, either through physical dsonage, excessive moisture, or any other reason, REMOVE POWER and do rtot use flic product until 
safe operation can be verified by service-trained personnel. If necessary, return the product to a Hewlett-Packard Sales and Service Office 
for service and repair to ensure that safety feannes are maintained. 

DO NOT service or adjust akme: Do not attempt internal service or adjustment unless another person, capable of rendering first aid and 
resuscitation, is present. 

DO NOT substitute parts or modify equipment: Because of the dmger of inuoducing additional hazards, do not install substitute parts 
or perform any unauthorized modification to flie product Return the product to a Hewlett-Packard Sales and Service Office for service and 
repair to ensure that safety features are maintained. 
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Safety Symbols 


AC line voltage iiqiut receptacle. 

Instruction manual symbol affixed to 
product Indicates that the user must 
refer to the manual for specific 
Warning or Caution information to 
avoid personal injury or damage to 
the product 

Indicates the field wiring terminal 
that must be cotmected to earth 
ground before operating the 
equipment-protects against electrical 
shock in case of fault 
Frame or chassis ground terminal- 
typcally coimects to the equipmem's 
metal frame. 


f 



attentcn 

Smic Sensttv* 


NOTE 

WARNING 

CAUTION 


Alternating curretu (AC). 
Direct current (DC). 


Indicates hazardous voltages. 

Affixed to product containing static 
sensitive devices-use anti-static 
handling procedures to prevent 
electrostatic discharge damage to 
components. 

Calls attention to a procedure, 
practice, or condition that requires 
special attendon by the reader. 

Calls attention to a procedure, 
practice, or condidon that could 
cause bodily injury or death. 

Calls attention to a procedure, 
practice, or condidon that could 
possibly cause damage to equipment 
or permanent loss of data. 
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Manual Descriptions 

Installation and Getting Started Guide. Contains step-by-step instructions for all aspects of plug-in 
module and mainframe installation. This guide also contains introductory programming 
information and examples. 

HP E1405 Command Module User's Guide. Contains programming information for the Control 
Module, operation information (for the HP E1400B mainframe), and general programming 
information for instruments installed in the mainframe. 

Plug-In Module User's Manuals. Contains plug-in module programming and configuration 
information. These manuals contain examples for the most-used module functions, and a complete 
SCPI command reference for the plug-in module. 

HP E1400B Mainframe Service ManuaL Contains service information for the mainframe. This 
manual contains information for ordering replaceable parts and exchanging assemblies. Also 
contains information and procedures for performance verification, adjustment, preventive 
maintenance, troubleshooting, and repair. 

Plug-Iu Module Service Manuals. Contains plug-in module service information. These manuals 
contain information for exchanging the module or ordering replaceable parts. Dependent on the 
module, information and procedures for performance verification, adjustment, preventive 
maintenance, troubleshooting, and repair are also provided. 








How to Use this Manual 


Manual Overview This manual shows how to service the HP E1428A 250 MHz Digitizing 

Oscilloscope. Oscilloscope operation, installation, and configuration 
information is not discussed in this manual. Refer to the "HP 75000 
Series C HP E1428A User's Manual" for installation, configuration, 
and operating information. 


Manual Content TMs manual has eight chapters and one appendix. 

• Chapter 1 General Information: provides a basic description, 
and lists available options and accessories. Also lists the tools 
and test equipment required for service. 

• Chapter 2 Installation: contains information and procedures 
required to install the oscilloscope into the mainframe, perform 
initial inspection, prepare for use, and storing and shipping 
instructions. 

• Chapter 3 Operating Instructions: contains information and 
procedures required to operate the oscilloscope, perform scheduled 
preventive maintenance, and perform the operator's check. 

• Chapter 4 Verification Tests: contains information and 
procedures required to test the oscilloscope. Three levels are 
provided for functional verification, operation verification, and 
performance verification. 

• Chapter 5 Adjustments: contains information and procedures 
required to reac^ust the oscilloscope to within its rated 
specifications. 

• Chapter 6 Replaceable Parts: lists the part numbers for all 
user replaceable parts in the oscilloscope. Also provides 
information on ordering spare parts and module/assembly 
exchange. 

• Chapter 7 Manual Changes: contains information required to 
adapt this manual to instruments whose serial numbers are lower 
than those listed on the title page. 

• Chapter 8 Service: contains information and procedures to aid 
in fault isolation and repair of the oscilloscope. 

• Appendix A References: contains a list of all reference 
documentation required when servicing the oscilloscope. 
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General Information 

1-1. Introduction 

The HP E1428A Service Manual contains all the information required 
to test, adjust, troubleshoot, and repair tiie Hewlett-Packard Model 
E1428A C Size VXI 1 GSa/s Digitizing Oscilloscope. Figure 1-1 shows 
the HP E1428A Oscilloscope, along with all of the externally supplied 
accessories. Additional copies of the HP E1428A User's Manual and 
Service Manual can be ordered separately through your nearest 
Hewlett-Packard office. 

1-2. Specifications 
Considerations 

Instrument specifications are listed in Appendix A of the HP 

E1428A User's Manual. These specifications are the performance 
standards or limits against which the instrument may be tested. 

1-3. Safety 
Considerations 

This product is a Safety Class I instrument, that is, one provided with 
a protective earth terminal when installed in the mainframe. The 
mainframe, oscilloscope, and all related documentation should be 
reviewed for familiarization with safety markings and instructions 
before operation or service. Refer to the Safety Considerations page 
found at the beginning of this manual for a summary of the safety 
information. Safety information for preventive maintenance, testing, 
adjusting, or service is found in appropriate places throu^out this 
manual. 

1-4. Manual Updates 

Manual Updates provide information necessary to update the manual. 
The Manual Update is identified by the manual print date and part 
number, both of which appear on the manual title page. 

1-5. Description 

The Oscilloscope module is a general purpose, two channel, 1 GSa/s (250 
MHz repetitive bandwidth) oscilloscope, which provides all the 
versatility and capability of digitizing oscilloscopes. The Oscilloscope 
module is a VXIbus C-Size message-based product, and can operate in a 
single slot of a C-Size VXIbus mainframe using an HP E1405 

Command Module. 

The Oscilloscope module is comprised of a CPU/Acquisition Printed 
Circuit Assembly (PCA) (HP P/N E1428-69501) and a Memory PCA (HP 
P/N E1428-69502). 
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Figure 1*1. HP E1428A/E Digitizing Oscilioscope 


1-2 General information 




The CPU/Acquisition PCA attenuates/amplifies each of the two inputs. 
The signal is then routed to an A/D Converter where it is changed into a 
digital word. This digital information is stored for use by the CPU. A 
replica of the conditioned input signal is also used for triggering. 
Additional functions include: 

• Time base circuit provides the timing signals necessary for data 
acquisition. 

• AC calibrator circuit provides signals for probe compensation, 
trigger event, and calibration. 

• DC calibrator circuit provides a calibration signal. 

• External trigger input doubles as external sample clock input. 

The CPU/Acquisition PCA also contains the control and interface 
circuits necessary to direct oscilloscope operations. Control 
information (COMP or SCPI) is received from the mainframe 
controller, and the necessary instructions are sent to the Acquisition to 
perform the specific task. When the digital waveform information is 
received from the Acquisition, all the user requested parameters are 
measured and routed to the mainframe. Additional functions include: 

• ECL trigger signals from the mainframe are routed to the 
Acquisition portion of the CPU/Acquisition PCA to perform 
"backplane trigger" functions. 

• ECL trigger signals from the oscilloscope are routed to the 
mainframe over the backplane trigger bus lines. 

• Trigger circuit provides a trigger output signal on the front panel. 

Refer to appendix C in the HP E1428A User's Manual for additional 
information on the HP E1428A Oscilloscope. 



Figure 1-2. Oscilloscope Module Block Diagram 
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Instruments covered by this manual are identified by a serial 
number prefix listed on the title page. Hewlett-Packard uses a two 
part serial number in the form XXXXAYYYYY,where XXXX is the 
serial prefix, A is the country of origin (A=USA) and YYYYY is the 
serial suffix. The serial number prefix identifies a series of identical 
instruments. The serial number suffix is assigned sequentially and is 
vmique to each instrument If the serial number prefix of your 
instrument is greater than the one listed on the title page, a yellow 
Manual Update supplement will explain how to adapt this man ual to 
your instrument. If the serial number prefix of your instrument is 
lower than the one listed on the title page, information contained in 
Chapter 7 GManual Changes) will explain how to adapt this man ual to 
your instrument. 


1-7. Options There are no options currently available for the HP E1428A Oscilloscope 

Module. 


1-8. Accessories There are no accessories currently available for the HP E1428A 

Supplied Oscilloscope Module. 


1-9. Equipment A number of oscilloscope accessories are available for use with 

Aveileble the HP E1428A Oscilloscope, and include: 

• The HP 1124A Active Divider Probe Kit 

• The HP 1133A TVTVideo Sync Pod 

• The HP 1137A 1000:1 High voltage divider probe 

• The HP 1141A/HP 1142A Differential Probe system 

« The HP 1250-1454 miniature probe to BNC male adapter 

• The HP 10002A 50:1 Voltage Divider Probe 

• The HP 10020A Resistive Divider Probe Kit 

• The HP 10400A Miniature Probe Family 

For a complete list of oscilloscope accessories currently available, 
contact your nearest Hewlett-Packard sales office. 


1-6. Instruments 
Covered by this 
Manual 
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1 -10. Rocommendod Table l-l lists the test equipment recommended for testing, adjusting 
Test Equipment and servicing the oscilloscope. Essential requirements for each piece of 

test equipment are described in the Critical Specifications column. 
Other equipment can be substituted if it meets or exceeds the critical 
specifications. 


Table 1-1. Recommended Test Equipment 


Instrument 

Critical Specifications 

Recommended 

Model 

Use* 

Controller, HP-IB 

HP-IB compatibili^ as defined by IEEE Standard 

488-1978 and the identical ANSI Standard MCl.l: 

SHI, AHl, T2, TEO, L2, LEO, SRO, RLO, PPO, DCO, 

DTO, and Cl, 2, 3,4, 5. 

HP Series 200/300 

P.A.T 

Mainframe 

Compatible with the oscilloscope 

HP E1400B 

P.A.T 

Slot 0 Command Module 

VXI'Csizew/HPIB 

HP E1405A 

P.A,T 

Digital Multimeter 

5 112 digit resolution 
dc voltage accuracy 8 ppm/yr 

4-wire resistance accuracy ±0.25% 

HP3458A 

P,T 

Fast-rise Pulse Generator 

Rise Time < 175ps (faster is better) 

PSPL lllOB driver (note) 
PSPL 1107B head (note) 

■ 

Oscilloscope 

General-purpose 

HP 54501A 

Bi 

Power Meter/Power Sensor 

1-250 MHz, -70 dBm to +44 dBm, 3% accuracy 

HP 436A/8482A 

■■ 

Power Splitter 

50 Cl type N, outputs differ by <0.15 dB 

HP 11667A 

■a 

Power Supply 

7 mV -30 V dc, 0.1 mV resolution 

HP 6114A 

Hi 

Signal Generator 

1-250 MHz, sine wave 
amplitude 30-200 mVtms 
time base accuracy ±0.001% 

HP 8656B, Opt 001 

■ 

Pulse Generator 

tr = 1.0 to 1.4 ns, 280 mVp-p, externally triggerable 

HP 8161A 

p 

Blocking Capacitor 

0.18 pF 

HP 10240B 


Cables and Adapters 



■■ 

Adtpter (2) 

BNC (f) to dual banaiu (m) 

HP 1251-2277 


Adapter (3) 

BNC tee (mX0(I) 

HP 1250-0781 


Ad^ter 

BNC (f)(f) 

HP 1250-0080 

T 

Adapter 

N(f)tDBNC(m) 

HP 1250-0077 

A 

Adapter 

N(m)toBNC(0 

HP 1250-0780 

P 

Adt^ter 

N (m) to BNC (m) 

HP 1250-0082 

P 

Adapter 

SMA(m)toBNC(m) 

HP 1250-1787 

A 

Cable (2) 

BNC - 3 foot 

HP 10503A 

P.A,T 

Cable (3) 

BNC-9 inch 

HP 10502A 

PA,T 

Cable 

Type N (m) (m) - 3 foot 

HP11500AorB 

P 

Shorting Ciq> 

BNC 

HP 1250-0774 

P 


Note PPL = Picosecond I*ulse Labs 

• M = Preventative Maintenance, F = Functional Verification Check, C = Operational Verification Tests, P = Performance 


Verification Tests, A = Adjustments, T = Troubleshooting 
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2 

Installation 


2-1. Introduction This chapter provides the information needed to install the HP E1428A 

Oscilloscope. Included is information pertinent to initial inspection, 
preparation for use, environment, storage and shipment. 


2-2. Initial Inspection 


Warning To avoid hazardous electrical shock, do not perform electrical 

tests when there are signs of shipping damage to any portion 
of the outer enclosure (covers, panels, etc). 


Inspect the shipping container for damage. If the shipping container or 
ciishioning material is damaged, it should be kept until the contents of 
the shipment have been checked for completeness and the instrument 
has been checked mechanically and electrically. The contents of the 
shipment should be as shown in Figure 1-1. Procedures for checking 
electrical performance are given in Chapter 4. If the contents are 
incomplete, if there is mechanical damage or defect, or if the 
instrument does not pass the electrical performance test, notify the 
nearest Hewlett-Packard office. If the shipping container is damaged 
or the cushioning material shows signs of stress, notify the carrier as 
well as the Hewlett-Packard office. Keep the shipping materials for the 
carrier's inspection. 


2-3. Preparation 
for Use 


HP E1428A User’s Manual (Chapter 2) 

• Logical Address Switch Selection 

• Bus Request/Grant Level Switch Selection 

• Connecting User Inputs 

• Mainframe Installation 

HP E1405 Command Module User's Manual (or applicable command 
module manual) 

• Interface Cable Connection 

• Addressing the Plug-In Modules 

• System Configuration 


Complete instructions for preparing the HP E1428A Oscilloscope for 
use are provided in the HP E1428A User’s Manual, the HP E1400B 
Mainframe User's Manual, and the HP E1405 Command Module 
User's Manual. Procedures include: 
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2-4. Operating 
Environment 


2-5. Storage and 
Shipment 

2-6. Environment 


2-7. Packaging 


HP E1400 Mainframe User’s Manual (or applicable mainframe 
manual) 

• AC Power Selection and Connection 

* Module Installation 


The operating environment should be within the following : 
limitations 

Temperature . Oto+65®C 

Humidity . 65% relative (0 to +40®C) 


The instrument should be stored in a clean, diy environment. The 
following environmental limitations apply to both storage and 


shipment; 

Temperature . -40to+75®C 

Humidity . <65% relative (0 to+40*^) 


Preiiaration for Packaging. Remove any adapters or connectors 
before packaging instrument for shipping. 

Tagging for Service. If the instrument is being returned to Hewlett- 
Packard for service, please indicate the required service and observed 
symptoms/problems, and place it with the instrument. 

Original Packaging. Containers and materials identical to those 
used in factory packaging are available through Hewlett-Packard 
offices. Mark the container "FRAGILE” to assure careful handling. 

In any correspondence refer to the instrument by model number and 
full serial number. 

Other Packaging. The following general instructions should be used 
for re-packaging with commercially available materials: 

a. Wrap the instrument in heavy paper or plastic. (If shipping to a 
Hewlett-Packard office or service center, attach a tag indicating 
the service desired.) 

b. Use a strong shipping container. A double-wall carton made of 
2.4 MPa (350 psi) test material is adequate. 

c. Use enough shock-absorbing material (75 to 100 mm layer; 3 to 4 
inches) around all sides of the instrument to provide firm 
cushion and prevent movement in the container. Protect the 
front panel with cardboard. 

d. Seal the shipping container securely. 

e. Mark the shipping container "FRAGILE" to assure careful 
handling. 
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Operating Instructions 


3-1. Introduction 


3-2. Safety 
Considerations 


Warning 


This chapter provides operating information for the HP E1428A 
Oscilloscope. Included are detailed operator's preventive maintenance 
procedures, operating instructions, and operator's checks. Both 
preventive maintenance and the operator's checks should be performed 
on a regular scheduled basis to keep the oscilloscope in an operational 
condition, and also prevent more serious malfunctions from occurring. 


This paragraph contains information, cautions, and warnings which 
must be followed for your protection and to avoid damage to the 
equipment when performing preventive maintenance. 

Before applying power, verify that the mainframe (the oscilloscope is 
installed in) is set to match the available line voltage and the correct 
fuse is installed. An uninterruptible safety earth ground miist be 
provided from the main power source to the product input wiring 
terminals, power cord, or supplied power cord set. 


Any interruption of the protective (grounding) conductor 
(inside or outside the instrument) or disconnecting the 
protective earth terminal will cause a potential shock hazard 
that could result in personal injury. (Grounding one 
conductor of a two conductor outlet is not sufficient 
protection.) In addition, verify that a common ground exists 
between the unit under test and this instrument prior to 
energizing either unit. 

Whenever it is likely that the protection has been impaired, 
the instrument must be made inoperative and be secured 
against any unintended operation. 

If this instrument is to be energized via an autotransformer 
(for voltage reduction) make sure the common terminal is 
connected to neutral (that is, the grounded side of the mains 
supply). 

Servicing instructions are for use by service-trained 
personnel only. To avoid dangerous electric shock, do not 
perform any servicing unless qualified to do so. 


Operating Instructions 3-i 



Caution 


3-3. Preventive 
Maintenance 


Note 


3-4. Required 
Equipment 


Warning 


Maintenance described in the mamial is performed with 
power supplied to the instrument while protective covers are 
removed. Energy available at many i>oints may, if contacted, 
result in personal ipiuiy. Where maintenance can be 
performed without power applied, the power should be 
removed. 

Capacitors inside the instrument may still be charged even if 
the instrument has been disconnected firom its source of 
supply. 

For continued protection against fire hazard, replace the line 
fuse(s) only with 250V fuse(s) of the same current rating and 
type (for example, normal blow, time delay, etc.). Do not use 
repaired fuses or short circuited fuseholders. 


Static electricity is a major cause of component failure. To prevent 
damage to the electrical components in the Oscilloscope, observe anti¬ 
static techniques whenever working on the Oscilloscope. 


Preventive maintenance for the Oscilloscope consists of periodically 
cleaning the Oscilloscope. 


Hewlett-Packard recommends a 12-month interval between cleaning 
the Oscilloscope. However, cleaning intervals are mostly dependent 
upon where the Oscilloscope is used. The Oscilloscope should be cleaned 
more often if it is used in a dusty or very humid area. 


Table 3-1 shows the necessary equipment to perform scheduled 
preventive maintenance. 


Table 3-1. Preventive Maintenance Equipment 


Description 

Requirement 

Soft-bristle brush 

Mild Soap Solution 

Lint-free cloth 

Removing dust from printed circuit card 
Cleaning panel 

Cleaning panel 


Before removing the Oscilloscope from the mainfrume, make 
sure the mainfrume is disconnecfted from the power soiuce, to 
eliminate the possibility of electrical shock. 
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Operation 


Complete instructions for operation of the Oscilloscope are provided in 
the HP E1428A User's Manual. Information includes: 


• Getting Started 

• Configuring the Oscilloscope 

• Using the Oscilloscope with COMPatihle or SCPI 

• Oscilloscope Command References in COMPatihle and SCPI 

• Error Messages in COMPatihle and SCPI 


3-6. Operator's The operator's checks should be performed after preventive 

Checks maintenance (minimum), or any time to verify that the Oscilloscope is 

connected properly and is responding to the simplest commands. 


Note If necessary, refer to the HP E1405 Command Module User's Manual 

(or applicsJble command module manual) for information on address 
selection and external cabling guidelines. 

Refer as reqmred to the HP E1428A User's Manual for information on 
SCPI and COMPatihle commands. 


1. Verify the Oscilloscope and Command Module are installed in the 
mainframe. 

2. On the mainframe, coimect a power cable and set the power to ON. 
Verify the mainfiame/command module performs a proper power- 
up sequence. 

• If correct, proceed with step 3. 

• If incorrect, troubleshoot mainframe/command module before 
proceeding. 

3. Perform clear status, reset, then preset the Oscilloscope. 
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Note 


Example 


Note 


4. Execute the Oscilloscope functional test using the TEST: TAUi 
command. 

5. Allow approximately 15 seconds for the test to complete, then read the 
test event register to verify that no errors were generated during the 
test. 

• If +0 is returned, then no failure was encountered. 

• If any number other than 0 is returned, then a failure was 
detected. See Chapter 8 for troubleshooting information. 


Test failures can be caused by improper cabling, or improper selection 
of the interface select code, primary address setting, and/or secondary 
address setting. Verify proper connection and address selection using 
the applicable command module and mainframe manuals before 
troubleshooting. 


For the example, use: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the OsciUoscope 

• COMPatible programming language 

• an HP Series 20(V300 Computer with HP BASIC 


10 

OUTPUT 

70905;"*CLS" 

20 

OUTPUT 

70905;“*RST" 

30 

OUTPUT 

70905;"SUMM:PRES" 

40 

OUTPUT 

70905;"TEST:TALL" 

50 

OUTPUT 

70905;"SOMM;QOES:TEST? 

60 

ENTER ' 

70905;A 

70 

PRINT i 


80 

OUTPUT 

70905;"RUN" 

90 

END 



Clear status. 

Resets the Oscilloscope to its default 
state. 

Presets the Oscilloscope. 

Perform all test routines. 

Read test event register. 

Enter test event register results. 

Print test event register results. 
Restart the instrument. 

Terminate program. 


After a self-test is performed, the RUN command must be executed to 
restart the instrument. 
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Verification Tests 


4-1. Introduction Three levels of test procedures are provided in this chapter, and are used 

to verify that the HP E1428A Oscilloscope is; 

* fully functional (Functional Verification), 

* meeting critical specifications after a repair (Operation 
Verification), or 

* meeting all published specifications (Performance 
Verification). 


Note To consider the tests valid, the following conditions must be met: 

• The HP E1428A must have a 30 minute warm-up. 

• For greatest accuracy, the temperature of the test area should 
be between 18°C and 28°C and i^ould be stable to wifhin ±1°C. 


4-2. Equipment 
Required 


4-3. Test Record 


4-4. Calibration Cycle 


Ek}uipment required for the verification tests is listed in Table 1-1, 
Recommended Test Equipment. Any equipment that satisfies the 
critical specifications given in the table may be substituted. 

Results of the verification tests may be tabulated in Table 4-1, 
Verification Test Record. The Verification Test Record lists all of the 
verification test specifications and the acceptable limits for each 
specification. If verification test results are recorded during an 
incoming inspection of the instrument, they can be used for comparison 
during periodic maintenance or troubleshooting. The test results may 
also prove useful in verifying operation after repairs are made. 

This instrument requires periodic verification of performance to 
ensure that it is operating within specified tolerances. The performance 
verification tests described in this section should be performed at least 
once every 12 months or 2,000 hours; under conditions of heavy usage or 
severe operating environments, the tests should be more frequent. 
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4-5. Test Procedures it is assumed that the person performing the verification tests 

understands how to operate the mainframe, HP E1428A, and specified 
test equipment. Equipment settings, other than those for the HP E1428A, 
are stated in general terms. For example, a test mi^t require that a 
voltage of+5 Vdc be measured, however the Digital Multimeter 
instructions as to mode and range would not be specified and the 
operator would be expected to set that control and other controls as 
required to obtain a measurement. It is also assumed that the 
technician will select the cables, adapters, and probes required to 
complete the test setups illustrated in this section. 


4-6. Functional 
Verification 


4-7. Self-Test 
Procedure 


The procedures in this section are used to quickly verify that the 
HP E1428A functions are working. These tests should be performed 
anytime the user wants to verify that the HP E1428A is connected 
properly and is responding to basic commands. All tests can be 
performed without accessing the interior of the instrument. 

The purpose of this test is to verify the HP E1428A is communicating 
with the command module, external controller, and/or external 
terminal by performing a self-test. 


Note If necessary, refer to the HP E1405 Command Module User’s Manual 

(or applicable command module manual) for information on address 
selection and external cabling guidelines. 

Refer as required to the HP E1428A User’s Manual for information on 
SCPI and COMPatible commands. 


1. Verify the HP E1428A and Command Module are installed in the 
mainframe. 

2. On the mainframe, connect a power cable and set the power to ON. 
Verify the mainframe/command module performs a proper power- 
up sequence. 

• If correct, proceed with step 3. 

• If incorrect, troubleshoot mainframe/command module before 
proceeding. 

3. Perform clear status, reset, then preset the HP E1428A. 

4. Execute the test all routine using the TEST: TALL command. 

5. Allow approximately 15 seconds for the test to complete, then read the 
test event register to verify that no errors were generated during the 
test. 

• If -»-0 is returned, then no failure was encountered. 

• If any number other than 0 is returned, then a failure was 
detected. See Chapter 8 for troubleshooting information. 
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Verification Tests 


Note Test failures can be caused by improper cabling, or improper selection 

of the interface select code, primary address setting, and/or secondary 
address setting. Verify proper connection and address selection using 
the applicable command module and mainframe manuals before 
troubleshooting. 


Example 


For the example, use: 


• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 20(V300 Computer with HP BASIC 


10 

CLEAR 

SCREEN 

20 

ASSIGN 

0Scope TO 70905 

30 

OUTPUT 

0Scope;"*CLS" 

40 

OUTPUT 

@Scope;"*RST" 

50 

OUTPUT 

0 Scope;"SUMM:PRES" 

60 

OUTPUT 

0 Scope ; "TEST: TALL " 

70 

OUTPUT 

0Scope;"SUMM!QUES:TEST? 

80 

ENTER 

0Scope;A 

90 

PRINT , 

A 

100 

OUTPUT 

0Scope;"RON" 

110 

PRINT 

"PROGRAM COMPLETED" 

120 

END 



Clear display. 

Variable for Scope address. 

Clear status. 

Resets the HP E1428A to its default 
state. 

Presets the HP E1428A. 

Perform test all routine. 

Read test event register. 

Enter test event register results. 
Print test event register results. 
Restart the instrument. 

End of pn^ram- 
Terminate program. 


Note After a test all is performed, the RUN command must be executed to 

restart the instrument. 


4-8. Operation There are no operation verification procedures for the HP E1428A. 

Verification Use the Performance verification test procedures for post repair check¬ 

out. 


4-9. Performance The procedures in this section are used to test the HPE1428A 

Verification Oscilloscope modules electrical performance using the specifications 

in ^pendix A of the HP E1428A User's Manual as the performance 
standards. These tests are suitable for incoming inspection, 
troubleshooting, and preventive maintenance. All tests can be 
performed without accessing the interior of the instrument. 
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4-10. DC Calibrator The DC calibrator output on the front panel is used for self- 

TaSt Procadura calibration and probe calibration. Though calibrator accuracy is not 

specified in the performance specifications, it must be within limits in 
order to provide accurate self-calibration. 

1. Connect the equipment as shown below. 


PROBE COMP 



Figure 4-1. DC Calibrator Test Set>up 

2. Set the HP E1428A controls as follows: 

Reset HP E1428A. ♦RST 

DC Calibrator Output to 0 V. CAL:SCAL:DOUT ZVOL 

3. Verify the Multimeter reads close to 0.000 V. Record the reading to 
four decimal places. 

VI = _ 

4. Set the HP E1428A Calibrator Ouiput to 5 V(CAL:SCAL:DOUT 
FVOL). 

5. Verify the Multimeter reads close to 5.000 V. Record the reading to 
four decimal places. 

V2 = _ 

6. Subtract VI from V2. The difference should be between 4.990 and 
5.010 V. 


Note 


If the difference is not within the limits repair is necessary. See 
troubleshooting in Chapter 8. 


7. Disconnect test equipment 
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Example 


This program will automatically perform a DC Calibrator test. The 
program will pause to allow the user to get the reading from the 
multimeter. 

The example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 20(V300 Computer with HP BASIC 

Execute: 

10 CLEAR SCREEN 

20 ASSIGN eScope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

30 OUTPUT @Scope;"*CLS" 

40 OUTPUT @Scope;"*RST" 

50 OUTPUT @Scope;”CAL:SCAL:DODT 2VOL" 

60 PRINT "LOOK AT MULTIMETER AND VERIFY 0 VOLT OUTPUT" 

70 PRINT "PRESS Continue TO RESUME PROGRAM" 

80 PAUSE 

90 OUTPUT 0Scope;"CAL:SCAL:DODT FVOL" 

100 PRINT "LOOK AT MULTIMETER AND VERIFY 5 VOLT OUTPUT" 

110 PRINT "PRESS Continue TO FINISH PROGRAM" 

120 PAUSE 

130 PRINT "PROGRAM COMPLETED" 

140 END 


Verification Tests 
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4-11. Input ROSiStflncO This test checks the input resistance of the vertical inputs. A four- 
Tost ProCGduro wire measurement is used for accuracy at 50 £2. 

1. Connect the equipment as shown below. Use the BNC-to-banana 
adapters to connect one of each BNC cable to the four-wire resistance 
connections on the multimeter, and connect the free ends of the 
cables to a BNC tee. Connect the male end of the BNC tee to the HP 
E1428A channel 1 input. 



Figure 4-2. Input Resistance Test Set-up 

2. Set the HP E1428A controls as follows: 

Reset HP E1428A. *RST 

Channel 1 DC at 1M£2 . CHANliCOUP DC 

3. Verify the Multimeter reads 1M£2 ±10k£2. 

4. Set the HP E1428A channel 1 controls to 50Q (CHAN1:C0UP DCF). 

5. Verify the Multimeter reads 50£2 ±0.5Q. 

6. Repeat steps 1 through 5 for channel 2. 


Notes When repeating the procedure, all references to channel 1 should be 

changed to the channel being tested. 

Failure of this test indicates a faulty attenuator if resistance is out of 
specifications. The PCA also may be at fault if input resistance cannot 
be changed. See troubleshooting in Chapter 8. 

7. Disconnect test equipment. 
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Exampl6 This program will automatically prompt the user through the steps 

required to perform an input resistance test. The program will pause to 
allow the user to get the reading from tiie multimeter. 

The example is written using: 

* an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

* COMPatible programming language 

* an HP Series 200/300 Computer with HP BASIC 

Execute: 

10 CLEAR SCREEN 

20 ASSIGN escope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

30 OUTPUT 8Scope;"*CLS" 

40 OUTPUT 8Scope;"*RST“ 

50 FOR Channel-1 TO 2 

60 PRINT "CONNECT THE MULTIMETER TO SCOPE CHANNEL "tVAL$(Channel) 

70 PRINT "1 MOHM" 

80 OUTPUT eScope;"CHAN"tVAL$(Channel)t";COUP DC" 

90 PAUSE 

100 PRINT "50 OHM" 

110 OUTPUT eScope;"CHAN"*VAL$(Channel)t":COUP DCF" 

120 PAUSE 

130 NEXT Channel 

140 OUTPUT eScope;"*RST" 

150 PRINT "PROGRAM COMPLETED" 

160 END 
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4-12. Voltage 
Measurement Accuracy 
Test Procedure 


This test verifies the voltage measurement accuragr of the 
instrument A dual cursor measurement is made so offset errors are 
not a factor. 


1. Connect the equipment as shown below. Use a banana-to-BNC 
adapter to connect the BNC cable to the power supply. Monitor the 
supply with the Multimeter. Set the power supply for 0 V output. 



Figure 4*3. Voltage Measurement Accuracy Test Set-up 

2. Set the HP E1428A controls as follows: 


. *RST 

.... TIMJdODEAUT 

. RUN 

.VIEW CHANl 

. BLANCHAN2 

.. CHANl:COUPDC 
.. CHANl JIANG 40 
.... CHANl:OFPS15 
MEASrSOUR CHANl 

. DIG CHANl 

. MEAS:VTOP? 

3. Verify that average voltage as measured by the HP E1428A is close to 
0 volts. Record the reading. 

VI = _ 

4. Set the power supply to ou^ut 30 Vdc. Repeat steps 2 and 3. Record the 
reading. 

V2 = _. 


5. Subtract VI from V2. The difference should be between 29.34 V and 
30.66 V. 


Reset HP E1428A. 

Time base to automatic 

Start data acquisition . 

Turn on chaimel 1. 

Turn off unused channels 
Channel 1 to DC at IMG ... 
Channel 1 range to 40 V ... 
Channel 1 offset to 15 V .... 

Measure channel 1 . 

Digitize channel 1 . 

Measure voltage . 
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Notes 


6. Repeat steps 2 throui^ 5 for all the HP E1428A RANGe and OFFSet 
values, and power supply voltages specified in the table below. 


RANGe 

OFFSet 

Power Suopiv 

Tolerance 

Limits 

40V 

15 V 

30V 

±0.66 V 

29.34 V to 30.66 V 

40V 

15 V 

15 V 

±0.66 V 

14.34 V to 15.66 V 

40V 

15 V 

5V 

±0.66 V 

4.34 V to 5.66 V 

1.6 V 

600 mV 

1.2 V 

±26.4 mV 

1.1736 mV to 12264 mV 

1.6 V 

600 mV 

600 mV 

±26.4 mV 

573.6 mV to 626.4 mV 

1.6 V 

600 mV 

200 mV 

±26.4 mV 

173.6 mV to 226.4 mV 

80 mV 

30 mV 

60 mV 

±1.32 mV 

58.68 mV to 61.32 mV 

80 mV 

30 mV 

30 mV 

±1.32 mV 

28.68 mV to 31.32 mV 

80 mV 

30 mV 

10 mV 

±1.32 mV 

8.68 mVto 11.32 mV 

56 mV 

21 mV 

42 mV 

±0.924 mV 

41.076 mV to 42.924 mV 

56 mV 

21 mV 

21 mV 

±0.924 mV 

20.076 mV to 21.924 mV 

56 mV 

21 mV 

7 mV 

±0.924 mV 

6,076 mV to 7.924 mV 


7. Repeat steps 2 throu^ 6 for channel 2. 


When repeating the procedure, all references to diannel 1 should be 
changed to channel 2. Turn off unused channel using the BLANk 
command. 

Voltage measurement errors can be caused by the need for self 
calibration. Perform vertical calibration, (see Ac^justment procedures, 
Chapter 5) before troubleshooting instrument. If self-calibration fails to 
correct problem, the cause may be the attenuator or PCA. See 
troubleshooting in Chapter 8. 


8. Disconnect test equipment. 
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Example This program will automatically prompt the user through the steps 

required to perform a voltage accuracy test, and print out the resiilts of 
each measurement The data at the end of the program corresponds to 
the valiies for range, offset and supply voltage in each measurement 

The example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 200/300 Computer with HP BASIC 


Execute: 

10 CLEAR SCREEN 
20 ASSIGN escope TO 70905 
30 OPTION BASE 1 

40 DIM Range(12).Offset(*),Power_supply{•),Zero_offset(12) 

50 RESTORE 

60 READ Range(*).Offset(•),Power_supply(*) 

70 OOTPOT 0Scope;"*CLS" 

80 OOTPUT 0Scope;"*RST" 

90 FOR Channel-1 TO 2 

100 OOTPOT @Scope;"TIM;MODE AOT" 

110 OOTPOT @Scope;"R0N" 

120 OOTPOT @Scope;"BLAN CHAN1.CHAN2" 

130 OOTPOT 0Scope;"VIEK CHAN"tVAL$(Channel) 

140 OOTPOT 0Scope;"CHAN"«VAL$(Channel)t":COOP DC" 

150 PRINT "CONNECT THE POWER SOPPLY TO SCOPE CHANNEL "tVAL$(Channel) 

160 FOR Measureraent-1 TO 12 

170 PRINT "SET THE POWER SOPPLY TO 0 VOLTS" 

180 PAOSE 

190 OOTPOT @Scope;"CHAN"4VAL$(Channel)t":RANG "SVALS(Range(Measurement)) 

200 OOTPOT 0Scope;"CHAN"«VAL$(Channel)t":OFFS "SVAL$(Offset(Measurement)) 

210 OOTPOT 0Scope;"MEAS:SOOR CHAN"«VAL$(Channel) 

220 OOTPOT 0Scope;"DIG CHAN"4VALS(Channel) 

230 OOTPOT @Scope;"MEAS:VTOP?" 

240 ENTER 0Scope;2ero_val 

250 PRINT "SET THE POWER SOPPLY TO "tVALS(Power_supply(Measurement))S" VOLTS" 

260 PAOSE 

270 OOTPOT @Scope;"DIG CHAN"*VAL$(Channel) 

280 OOTPOT @Scope;"MEAS;VTOP?" 

290 ENTER 0Scope;Voltage_val 

300 Result=Voltage_val-Zero_val 

310 PRINT "RESOLT - "«VAL$(Result) 

320 NEXT Measurement 

330 NEXT Channel 

340 OOTPOT 0Scope;"*RST" 

350 !RANGE VALOES FOR EACH MEASOREMENT 

360 DATA 40.40.40.1.6,1.6.1.6.80E-3.80E-3.80E-3.56E-3.56E-3.56E-3 
370 !OFFSET VALDES FOR EACH MEASOREMENT 

380 DATA 15.15.15.600E-3.600E-3.600E-3.30E-3.30E-3.30E-3.21E-3.21E-3.21E-3 
390 (POWER SOPPLY VALOES FOR EACH MEASOREMENT 

400 DATA 30.15.5.1.2.600E-3.200E-3,60E-3.30E-3.lOE-3.42E-3.21E-3.7E-3 
410 PRINT "PROGRAM COMPLETED" 

420 END 
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4‘>13. Offset Accuracy This test verifies offset accuracy. 

Test Procedure 

1. Connect the equipment as shown below. Use a banana-to-BNC 
adapter to connect the BNC cable to the power suppfy. Set the power 
Supply for 2.00 V output 


INPUT 1 



BNC TO DUAL COMMAND OSCILLOSCOPE 

BANANA ADAPTER MODULE MODULE 


Figure 4-4. Offset Accuracy Test Set>up 

2. Set the HP E1428A controls as follows: 

Reset HP E1428A. 

Time base to automatic . 

Timebase to repetitive . 

Start data acquisition . 

Turn on channel 1. 

Turn off unused channels. 

Channel 1 to DC at IMO. 

Acquisition type to average. 

Acquisition count to 32 . 

Channel 1 range to 1.6 V. 

Channel 1 offset to2V . 

Measure channel 1 . 

Digitize channel 1 . 

Measure average voltage . 


. *RST 

.... TIM:MODEAUT 
.... TIMiSAMPREP 

. RUN 

.VIEW CHANl 

. BLANCHAN2 

.. CHANl:COUPDC 
... ACQTYPAVER 

. ACQ:COUN32 

. CHAN1:RANG 1.6 

. CHANl:OFFS2 

MEAS:SOUR CHANl 

. DIG CHANl 

. MEASrVAV? 


3. Verify that average voltage as measured by the HP E1428A is 
between 1.948 V and 2.052 V. 


4. Repeat steps 2 and 3 for all the HP E1428A RANGe and OFFSet 
values, and power supply voltages specified in the table below. 

RANGe OFFSet Power Supply Tolerance _ Umits _ 

1.6 V 2.0000 V 2.00 V ±52 mV 1.948 V to 2.052 V 

800 mV 1.00000 V 1.00 V ±26 mV 0.974 V to 1.026 V 

400 mV 500.000 mV 500 mV ±13 mV 487 mV to 513 mV 
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5. Repeat steps 2 through 4 for channel 2. 


Notes 


When repeating the procedure, all references to channel 1 should be 
changed to channel 2. Turn off unused channel using the BLANk 
command. 

Offset errors can be caused by the need for self calibration. Perform 
vertical calibration, (see Adjustment procedures. Chapter 5) before 
troubleshooting instrument. If self-calibration fails to correct problem, 
cause may be the attenuator or PCA. See troubleshooting in Chapter 8. 


6. Disconnect test equipment. 
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Example This program vrill automatically prompt the user through the steps 

required to perform an offset accuracy test, and print out the results of 
each measurement The data at the end of the program corresponds to 
the values for range, offset and supply voltage in eadi measurement. 

The example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 200/300 Computer with HP BASIC 

Execute: 

10 !PROGRAM "OFFSATS" 

20 !OFFSET ACCURACY TEST PROCEDURE 

30 CLEAR SCREEN 

40 PRINT "CONNECT POWER SUPPLY TO SCOPE INPUT 1" 

50 PRINT "PRESS CONTINUE" 

60 PAUSE 

70 ASSIGN eScope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

80 OPTION BASE 1 

90 DIM Range(3),Offset(3),Power_supply(3) 

100 RESTORE 

110 READ Range(*).Offset(*),Power_supply(*) 

120 OUTPUT 0Scope;"»CLS" 

130 OUTPUT 0Scope;"*RST" 

140 FOR Channel-1 TO 2 

ISO OUTPUT 0Scope;"TIM:MODE AUTO" 

160 OUTPUT @Scope;"RUN" 

170 OUTPUT @Scope;"BLAN CHAN1,CHAN2" 

180 OUTPUT @Scope;"VIEW CHAN"tVALS(Channel) 

190 OUTPUT @Scop€;"CHAN"<VAL$(Channel)t":COUP DC" 

200 OUTPUT eScope;"TIMEBASE:SAMP REP" ! FOR AVERAGING MUST BE REPETITIVE 

210 OUTPUT @Scope:"ACQ;TYPE AVER" 

220 OUTPUT ©Scope:"ACQiCOUN 32" 

230 PRINT "CONNECT THE POWER SUPPLY TO SCOPE CHANNEL "tVALS(Channel) 

240 FOR Measurement-1 TO 3 

250 PRINT "SET THE POWER SUPPLY TO "tVALS(Power_supply(Measurement))S" VOLTS" 

260 PAUSE 

270 OUTPUT 0Scope;"CHAN"SVAL$(Channel)«";RANG "SVALS(Range(Measurement)) 

280 OUTPUT ©Scope;"CHAN"SVAL$(Channel)«":OFFS "6VALS(Offset(Measurement)) 

290 OUTPUT ©Scope;"MEAS:SOUR CHAN"4VALS(Channel) 

300 OUTPUT ©Scope;"DIG CHAN"4VAL$(Channel) 

310 OUTPUT ©Scope;"MEAS;VAV?" 

320 ENTER ©Scope;Voltage_val 

330 PRINT "RESULT - "4VALS(Voltage_val) 

340 NEXT Measurement 

350 NEXT Channel 

360 OUTPUT ©Scope;"*RST" 

370 DATA 1.6,800E-3,400E-3 
380 DATA 2,l,500E-3 
390 DATA 2,l,500E-3 
400 PRINT "PROGRAM COMPLETED" 

410 END 
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4>14. Bandwidth This test checks the repetitive and real time bandwidths of the HP 

Test Procedure E1428A. 

1. Connect the equipment as shown below. Use a type N cable to 

connect the signal generator to the power splitter input. Connect the 
power sensor to one output of tiie power splitter. Use an N-to-BNC 
ndaptAr to connect the other power splitter outpiit to the HP E1428A 
channel 1 input. 



Figure 4*5. Bandwidth Test Set*up 

2. Set the Signal Generator controls as follows: 

Frequency . 1 

Output . -2.4 dBm 


N Ota Setting the output to —2.4 dBm will produce a —8.4 dBm level at the HP 

E1428A 50Q input Ooss occurs through the power splitter). 


3. Set the HP E1428A controls as follows: 


Reset HP E1428A. 

Time base to 2psec. 

Channel 1 to DC at 50£2. 

Trigger source to channel 1 .. 
Time base sample to repetitive 
Acquisition type to average ... 

Acquisition count to 32 . 

Channel 1 range to 320 mV ... 

Measure channel 1 . 

Digitize channel 1 . 

Measure peak-to-peak voltage 


. *RST 

.... TIMJIANG2E-6 
. CHANICOUPDCF 
TRIG:SOUR CHANl 

. TIM:SAMPREP 

.... ACQ:TYPAVER 

. ACQ:COUN32 

CHANl JIANG 320E-3 
MEAS:SOUR CHANl 

. DIG CHANl 

. MEAS:VPP? 


4. Record the measured peak-to-peak voltage. 


V 1 MHz = 
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Notes 


5. Set the Power Meter controls as follows: 


Press dB REF . to set a 0 dB reference 

Calibration Factor . to power sensor 250 MHz value 


6. Set the Signal Generator frequency to 250 MHz, then adjust the output 
level for a power meter reading as close as possible to 0.0 dB (REL). 
Record the reading. 

Power Meter =_. 

7. Set the HP E1428A controls as follows: 

Time base range to 20 nsec. TEMAANG 2E-8 

Measure channel 1 . MEAS:SOUR CHANl 

Digitize channel 1 . DIG CHANl 

Measure peak-to-peak voltage . MEAS:VPP? 

8. Record the measured peak-to-peak voltage. 

V 250 MHz =_. 

9. Calculate the response from the measured results in steps 4 and 8 
using the following formula: 

V250MHZ 

response(dB) >20 logio- >2010910 - 

Vi MHz 

10. Correct the result in step 9 with any difference in the power meter 
reading from step 6 using the following formula. Observe signs. 

(_ st0p9)-{ _ step 6) m _dB 

For example: 

Result from step 9 > -2.3 dB 

Power meter reading > -0.2 dB(REL) 

then true response > (-2.3H-0-2) - -2.1 dB 

11. Verify the result in step 10 is <-3.0 dB. 

12. Connect the power flitter to channel 2, and repeat steps 2 through 12. 


When repeating the procedure, all references to channel 1 should be 
changed to the channel being tested. Turn off unused channel using the 
BLANk command. 

Bandwidth errors can be caused by the need for adjustment. Perform 
high frequenQr pulse response adjustment, (see Adjustment procedures, 
C!hapter 5) before troubleshooting instrument. If adjustment fails to 
correct problem, cause may be the attenuator or PCA See 
troubleshooting in Chapter 8. 


13. Disconnect test equipment 
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ExSfnple This program is provided to show how to perform a bandwidth test, and 
print out the results of each measurement. The program pauses to allow 
the user to adjust the signal generator and power meter. 

The example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 200/300 Computer with HP BASIC 

Execute: 

10 !PROGRAM "BWTP" 

20 !BANDWIDTH TEST PROCEDORE 

30 CLEAR SCREEN 

40 PRINT "CONNECT SIGNAL GENERATOR TO POWER SPLITTER" 

50 PRINT "CONNECT POWER SPLITTER DIRECTLY TO SCOPE INPDT, NO CABLES" 

60 PRINT "POWER METER TO POWER SPLITTER" 

70 PRINT "SET SIGNAL GENERATOR, 1 MHz, -2.4dBni" 

80 PRINT "PRESS CONTINUE" 

90 PAUSE 

100 ASSIGN 0Scope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

110 OUTPUT @Scope;"*CLS" 

120 OUTPUT SScope;"'RST" 

130 OUTPUT @Scope;"TIM:RANG 2E-6" 

140 OUTPUT @Scope;"CHANl:COOP DCF" 

150 OUTPUT escope;"TRIG;SOUR CHANl" 

160 OUTPUT 0Scope;"TIM;SAMP REP" 

170 OUTPUT 0Scope;"ACQ;TYPE AVER" 

180 OUTPUT 0Scope;"ACQ;COUN 32" 

190 OUTPUT 0Scope;"CHANl:RANG 320E-3" 

200 OUTPUT 0Scope;"MEAS:SOUR CHANl" 

210 OUTPUT 0Scope;"DIG CHANl" 

220 OUTPUT 0Scope;"MEAS:VPP?" 

230 ENTER 0Scope;V_lmhz 

240 PRINT V_lnihZ,"MEASURED P-P VOLTAGE AT 1 MHz" 

250 PRINT 

260 PRINT "ADJUST SIGNAL GENERATOR AND POWER METER" 

270 PRINT "SET SIGNAL GENERATOR TO 250 MHz, 0.0 dB" 

280 PRINT "PRESS CONTINUE" 

290 PAUSE 

300 OUTPUT @Scope;"TIM:RANG 2E-8" 

310 OUTPUT 0Scope;"MEAS:SOOR CHANl" 

320 OUTPUT 0Scope;DIG CHANl" 

330 OUTPUT @Scope;"MEAS:VPP?" 

340 ENTER 0Scope;V_250rahz 

350 PRINT V_250mhz, "MEASURED P-P VOLTAGE AT 250 MHz" 

360 PRINT 

370 PRINT "PRESS CONTINUE TO CALCULATE RESPONSE" 

380 PAUSE 

390 PRINT "CHANNEL RESPONSE 20*LGT(V_250mhz/V_lmhz)" 

400 PRINT 

410 PRINT "MAKE NECESSARY PROGRAM CHANGES AND REPEAT FOR CHANNEL 2" 

420 PAUSE 

430 PRINT "PROGRAM COMPLETED" 

440 END 
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4-15. Time This test uses a precise frequency source to check the acciiracy of time 
Measurement Accuracy measurement functions. 

Test Procedure 

1. Connect the equipment as shown below. Use an N-to-BNC adapter 
and BNC cable to connect the signal generator output to the HP 
E1428A channel 1 input. 



TYPE N TO BNC COMMAND OSCILLOSCOPE 

ADAPTER MODULE MODULE 


Figure 4*6. Time Measurement Accuracy Test Set-up in Repetitive Mode 
Repetitive Mode 2. Set the Signal Generator controls as follows: 

40 MHz 
. OdBm 

3. Set the HP E1428A controls as follows: 


Frequency 
Output .... 


Reset HP E1428A. 

Perform an autoscale . 

Timebase to repetitive . 

Time base range to 500 nsec . 

Time base delay to 0 sec. 

Channel 1 to DC at 500. 

Acquisition type to average. 

Acquisition count to 8 . 

Channel 1 rangeto4V . 

Measure channel 1 . 

Digitize channel 1 . 

Turn measurement statistics on . 

Define delay conditions to measure from 


. *RST 

.AUT 

.... TIM:SAMPREP 
... TIM JIANG 5E-7 

. TIM:DEL0 

CHAN1:C0UP DCF 
... ACQ:TYPAVER 

. ACQ:C0UN 8 

.... CHAN1:RANG4 
MEAS:S0UR CHANl 

. DIG CHANl 

MEAS:M0DE USER 


first positive edge midpoint to second positive edge 


midpoint .MEAS:DEF DEL,POS,l,MIDD,POS,2^IDD 

Measure delay .MEAS:DEL? 
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4. Verify that delay as measured by the HP E1428A is between 
24.8988 ns and 25.1013 ns. 

5. Set the HP E1428A controls as follows: 


Define delay conditions to measure from 
first positive edge midpoint to fifth positive edge 


midpoint .MEAS:DEF DEL,POS,l,MIDD,POS,5,MIDD 

Measure channel 1 . MEAS:SOUR CHANl 

Digitize channel 1 . DIG CHANl 

Measure delay . MEAlS:DEL? 


6. Verify that delay as measured by the HP E1428A is between 
99.895 ns and 100.105 ns. 

7. Set the HP E1428A controls as follows: 

Define delay conditions to measure from 
first positive edge midpoint to eleventh positive edge 

midpoint .MEAS:DEF DEL,POS,l^DD,POS,ll,MIDD 

Measure channel 1 . MEAS:SOUR CHANl 

Digitize channel 1 . DIG CHANl 

Measure delay .MEAS:DEL? 

8. Verify that delay as measured 1^ the HP E1428A is between 
249.8875 ns and 250.1125 ns. 


9. Set the Signal Generator controls as follows: 


Frequency . 1 MHz (l.Op sec period) 

Output . 0 dBm 


10. Set the HP E1428A controls as follows: 


Time base range to 10 psec . TIMJIANG lE-5 

Measure channel 1 . ME:AS:S0UR CHANl 

Digitize channel 1 . DIG CHANl 

Define delay conditions to measure from 
first positive edge midpoint to second positive edge 

midpoint .MEAS:DEF DEL,POS,l,MIDD,POS.2^DD 

Measure delay .MEAS:DEL? 

11. Verify that delay as measiured by the HP E1428A is between 996.95 ps 
and 1.00305 ps. 

12. Set the HP E1428A controls as follows: 


Define delay conditions to measure from 
first positive edge midpoint to sixth positive edge 

midpoint .MEAS:DEF DEL,POS,l.MIDD,POS,6,MIDD 

Measure channel 1 . MEAS:^UR CHANl 

Digitize channel 1 . DIG CHANl 

Measure delay .MEAS:DEL? 

13. Verify that delay as measured by the HP E1428A is between 
4.99675 ps and 5.00325 ps. 
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Real-time Mode 


SIGNAL GENERATOR 


©(§) 


TYPE N TO BNC 
ADAPTER 


Connect the equipment as shown below. Use an N-to-BNC adapter 
and BNC cable to connect the signal generator output to the pulse 
generator EIXT input. Use a BNC cable to connect the pulse 
generator output to the HP E1428A channel 1 input; 


INPUT 1 


BNC CABLE 


PULSE 

GENERATOR 





iQ_ ODD DDDD 

anon o o o onoa 
□ Q • o O P- 


- j -1 \ OUTPUT / \ 

I EXT INPUT COMMAND OSCILLOSCOPE 

BNC CABLE MODULE MODULE 


Figure 4-7. Time Measurement Accuracy Test Set-up in Real-time Mode 

15. Set the Signal Generator controls as follows: 

Frequency . 25.31646 MHz (39.49999 ns period) 

Output . 800 mVnns 

16. Set the Pulse Generator controls as follows: 

Input mode . TRIG 

Width .12.5 nsec 

Leading and Trailing Edge .1.3 nsec 

High Level . +0,14 V 

Low Level . -0.14V 

Ebd Input . 50 £2 

17. Set the HP E1428A controls as follows; 

Timebase to real-time . TIM:SAMP REAL 

Time base range to 500 nsec. TIM JIANG 5E-7 

Define delay conditions to measure from 
first podtive edge midpoint to eleventh positive edge 

midpoint .MEAS:DEF DEL,POS,lJdIDD,POS,ll,MIDD 

Measure channel 1 . MEAS:SOUR CHANl 

Digitize channel 1 . DIG CHANl 

Measure delay .MEAS:DEL? 

18. Verify that delay as measured by the HP E1428A is between 
394.830 ns and 395.170 ns. 

19. Set the HP E1428A controls as follows: 

Measure channel 1 . MEAS:SOUR CHANl 

Measure period .MEAS:PER? 
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20. Verify that period as measured ly the HP E1428A is between 
39.348 ns and 39.652 ns. 

21. Set the HP E1428A controls as follows: 

Time base range to 500 nsec. TIM JIANG lEI-5 

Define delay conditions to measure from 
first positive edge midpoint to 21st positive edge 

midpoint .MEASrDEF DEL,POS,l,MIDD,POS,21^IDD 

Measure delay .MEAS:DEL? 

22. Verify that period as measured by the HP E1428A is between 
3.94952 ns and 3.95025 ns. 

23. Set the HP E1428A controls as follows: 

Define delay conditions to measure firom 
first positive edge midpoint to 101st positive edge 

midpoint .MEAS:DEF DEL,POS,1,MIDDJ»OS,101,MIDD 

Measure delay .ME1AS:DEL? 

24. Verify that period as measured by the HP E1428A is between 
3.94952 ns and 3.95025 ns. 

25. Disconnect test equipment 
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Example This program will automatically prompt the user through the steps 

required to perform a time accuracy test, and print out the results of each 
measurement. 

The example is written using; 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

• COMPatible programming language 

• an HP Series 200/300 Ck>mputer with HP BASIC 

Execute: 

10 !PROGRAM "TMATP" 

20 .'TIME MEASUREMENT ACCURACY TEST PROCEDURE 
30 CLEAR SCREEN 

40 PRINT "CONNECT SIGNAL GENERATOR TO SCOPE INPUT 1" 

50 PRINT "PRESS CONTINUE" 

60 PAUSE 

70 ASSIGN SScope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

80 PRINT "REPETITIVE MODE TEST" 

90 PRINT "SET SIGNAL GENERATOR TO 40 Mhz, 0 dBm. When set. press Continue" 

100 PAUSE 

110 OUTPUT 0Scope;"*CLS" 

120 OUTPUT @Scope;"*RST" 

130 OUTPUT 0Scope;"AOT" 

140 PRINT "AUTO DONE" 

150 PRINT "PRESS CONTINUE" 

160 PAUSE 

170 OUTPUT escope;":TIM;SAMP REP" 

180 OUTPUT eScope;"TIM:RANG 5E-7" 

190 OUTPUT @Scope;"TIM:DEL 0" 

200 OUTPUT 0Scope;"CHANl:COUP DCF" 

210 OUTPUT 0Scope;"CHANl:RANG 4" 

220 OUTPUT 0Scope;"ACQ:TYPE AVER" 

230 OUTPUT 0Scope;"ACQ:COON 8" 

240 OUTPUT @Scope;"MEAS:SOUR CHANl" 

250 OUTPUT @Scope;"DIG CHANl" 

260 OUTPUT @Scope;"MEAS:MODE USER" 

270 OUTPUT 0Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,2,MIDD" 

280 OUTPUT 0Scope;"MEAS:DEL?" 

290 ENTER @Scope;A 

300 PRINT A. "DELAY BETWEEN 1 AND 2 PULSES" 

310 OUTPUT 0Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,5,MIDD" 

320 OUTPUT 0Scope;"MEAS:SOUR CHANl" 

330 OUTPUT 0Scope;"DIG CHANl" 

340 OUTPUT 0Scope;"MEAS:DEL?" 

350 ENTER 0Scope;B 

360 PRINT B, "DELAY BETWEEN 1 AND 5 PULSES" 

370 OUTPUT 0Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,11,MIDD" 

380 OUTPUT 0Scope:MEAS:SOUR CHANl" 

390 OUTPUT @Scope;"DIG CHANl" 
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400 OUTPUT 0Scope;"MEAS:DEL?" 

410 ENTER 0Scope;C 

420 PRINT C, "DELAY BETWEEN 1 AND 11 PULSES" 

430 PRINT "SET SIG GEN TO IMhz (1 uSEC PERIOD)." 

440 PRINT "PRESS CONTINUE" 

450 PAUSE ! TO SET SIG GEN TO IMHZ (1 uSEC PERIOD) 

460 OUTPUT @Scope;"TIM:RANG lE-5" 

470 OUTPUT 0Scope;"MEAS:SOUR CHANl" 

480 OUTPUT @Scope;"DIG CHANl" 

490 OUTPUT 0Scope;"MEAS:DEF DEL, POS,l,MIDD,POS,2,MIDD" 

500 OUTPUT ©Scope;"MEAS:DEL?" 

510 ENTER ©Scope;D 

520 PRINT D, "DELAY AT IMHZ BETWEEN 1 AND 2 PULSES" 

530 OUTPUT ©Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,6,MIDD" 

540 OUTPUT ©Scope;"MEAS:SOUR CHANl" 

550 OUTPUT ©Scope;"DIG CHANl" 

560 OUTPUT ©Scope;"MEAS:DEL?" 

570 ENTER ©Scope;E 

580 PRINT E, "DELAY BETWEEN 1 AND 6 PULSES" 

590 PRINT 

600 PRINT "CONNECT SIGNAL GENERATOR TO PULSE GENERATOR" 

610 PRINT "CONNECT PULSE GENERATOR TO SCOPE INPUT 1" 

620 PRINT "ADJUST SIGNAL GENERATOR TO 25.31646 MHZ, (39.49999 ns Period)" 

630 PRINT "ADJUST SIGNAL GENERATOR OUTPUT TO 800 mVrms" 

640 PRINT "ADJUST PULSE GENERATOR PER MANUAL" 

650 PRINT "PRESS CONTINUE" 

660 PAUSE 

670 PRINT "REAL TIME TEST MODE" 

680 OUTPUT ©Scope;":TIM:RANG SE-7" 

690 OUTPUT ©Scope;":TIM:SAMP REAL" 

700 OUTPUT ©Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,11, MIDD" 

710 OUTPUT ©Scope;"MEAS:SOUR CHANl" 

720 OUTPUT ©Scope;"DIG CHANl" 

730 OUTPUT ©Scope;"MEAS:DEL?" 

740 ENTER ©Scope;F 

750 PRINT F, "DELAY BETWEEN 1 AND 11" 

760 OUTPUT ©Scope;"MEAS;SOUR CHANl" 

770 OUTPUT ©Scope;"MEAS:PER?" 

780 ENTER 0Scope;G 

790 PRINT G, "SEC = PERIOD" 

810 OUTPUT ©Scope;"TIM;RANG lE-5" 

840 OUTPUT ©Scope;"MEAS;DEF DEL,POS,1,MIDD,POS,21,MIDD" 

880 OUTPUT ©Scope;"MEAS:DEL?" 

890 ENTER ©Scope;H 

900 PRINT H, "DELAY BETWEEN 1 AND 21 PULSES" 

910 OUTPUT ©Scope;"MEAS:DEF DEL,POS,1,MIDD,POS,101,MIDD" 

920 OUTPUT ©Scope;"MEAS:DEL?" 

930 ENTER ©Scope;I 

940 PRINT I, "DELAY BETWEEN 1 AND 101 PULSES" 

950 PRINT "PROGRAM COMPLETED" 

960 END 
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4-16. Trigger This test checks channel and external triggers for sensitivity at rated 
Sensitivity Test bandwidth. 

Procedure 

1. Connect the equipment as shown below. Use an N-to-BNC adapter 
and BNC cable to connect the signal generator output to the HP 
E1428A channel 1 input. 


INPUT 1 



Figure 4-8. Internal Trigger Sensitivity Test Set-up 
Internal Trigger 2. Set the Signal Generator controls as follows; 

. lOOMHz 
100 mVp>p 

3. Set the HP E1428A controls as follows: 


Frequency 
Output .... 


Reset HP E1428A. 

Timebase to repetitive . 

Time base range to 50ns nsec . 

Turn on diannel 1. 

Turn off unused channel . 

Channel 1 to DC at 50Q. 

Channel 1 range to 1.6 V. 

Acquisition type to average .... 

Acquisition count to 16 . 

Trigger source to channel 1 ... 

Trigger level toOV . 

Start HP E1428A running 


. *RST 

.... TIM:SAMPREP 
... TIMOIANGSE^ 

.VIEW CHANl 

. BLANCHAN2 

CHANlrCOUP DCF 
. CHANliRANG 1.6 
... ACQ^TYPAVER 

. ACQ:COUN16 

TRIG:SOUR CHANl 

. TRIG:LEV0 

. RUN 


4. On the HP E1428A front panel, verify TRIGGERED LED is ON. 


5. Set the Signal Generator controls as follows: 


Frequency . 250 MHz 

Output . 200mVp-p 
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6. Set the HP E142SA controls as follows: 


Time base to 20 nsec. TIM:RANG 20E^9 

Start HP E1428A running . RUN 


7. On the HP E1428A front panel, verify TRIGGERED LED is ON. 

8. Connect the signal generator output to channel 2, and repeat steps 2 
through 7. 


Notes When repeating the procedure, all references to channel 1 should be 

changed to channel 2. Turn off unused channel using the BLANk 
command. 


External Trigger 9. Connect the equipment as shown below. Use a type N cable to 

connect the signal generator to the power splitter input. Connect the 
power sensor to one output of the power splitter. Use an N-to-BNC 
adapter to connect the other power splitter output to the HP E1428A 
channel 1 input. 



Figure 4-9. External Trigger Sensitivity Test Set-up 


10. Set the Power Meter controls as follows: 


Press dB REF . to set a 0 dB reference 

Calibration Factor . to power sensor 250 MHz value 

11. Set the Signal Generator controls as follows: 

Frequency . 250 MHe 

Output . for 25 pW reading on Power Meter 

12. Disconnect Power Sensor from the power splitter, and connect the 
output of the power splitter to the oscilloscope TRIGGER input 
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13. Set the HP E1428A controls as follows: 


Turn on channel 1.VIEW CHANl 

Turn off unused channel . BLAN CHAN2 

Channel 1 to DC at 50£1. CHANlrCOUP DCF 

Trigger coupling to DC at 50£2 . TRIG:COUP DCF 

Trigger source to external. TRIGrSOUR EXT 

Trigger level toOV . TRIG:LEV 0 

Start HP E1428A running . RUN 


14. On the HP E1428A front panel, verify TRIGGERED LED is ON. 

15. Repeat steps 9 through 14 for channel 2. 

Notes When repeating the procedure, all references to channel 1 should be 

changed to channel 2. Turn off unused channel iising the BLANk 
command. 

Trigger errors can be caused by the attenuator or PCA. See 
troubleshooting in Chapter 8. 

16. Disconnect test equipment. 

Example This program will automatically prompt the user through the steps 
required to perform a trigger sensitivity test. 

The example is written using: 

* an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the HP E1428A 

* COMPatible programming language 

* an HP Series 20Q/300 Computer with HP BASIC 

Execute: 

10 [PROGRAM "TSTP" 

20 [TRIGGER SENSITIVITY TEST PROCEDURE 

30 CLEAR SCREEN 

40 ASSIGN @Scope TO 70905 [ USE A VARIABLE FOR SCOPE ADDRESS 

50 OUTPUT @Scope;"*CLS" 

60 OUTPUT 0Scope;"*RST" 

70 FOR Channel=l TO 2 

80 PRINT "CONNECT THE SIGNAL GENERATOR TO SCOPE CHANNEL "SVAL$(Channel) 

90 PRINT "SET THE SIGNAL GENERATOR TO 100 MHz AND 100 mVp-p" 

100 PRINT "PRESS CONTINUE" 

110 PAUSE 

120 OUTPUT eScope;"TIM:RANG 5E-8" 

130 OUTPUT eScope;"BLAN CHANl,CHAN2" 

140 OUTPUT eScope;"VIEW CHAN"SVALS(Channel) 

150 OUTPUT (3Scope;"CHAN"4VAL$(Channel)i":COUP DCF" 

160 OUTPUT eScope;"CHAN"4VAL$(Channel)4":RANG 1.6" 

170 OUTPUT eScope;"TIM:SAMP REP" 

180 OUTPUT 0Scope;"ACQ;TYPE AVER" 

190 OUTPUT 0Scope;"ACQ:COUN 16" 

200 OUTPUT 0Scope;"TRIG:SOUR CHAN"4VALS(Channel) 

210 OUTPUT @Scope;"TRIG:LEV 0" 
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220 OUTPUT @Scope;"RUN" 

230 PRINT "TRIGGERED? OBSERVE TRIG'D LED" 

240 PRINT "PRESS CONTINUE" 

250 PAUSE 

260 PRINT "SET THE SIGNAL GENERATOR TO 250 MHz AND 200 mVp-p" 

270 PRINT "PRESS CONTINUE" 

280 PAUSE 

290 OUTPUT escope;"TIM:RANG 20E-9" 

300 OUTPUT @Scope;"RUN" 

310 PRINT "TRIGGERED? OBSERVE TRIG'D LED" 

320 PRINT "PRESS CONTINUE" 

330 PAUSE 

340 NEXT Channel 

350 FOR Channel-1 TO 2 

360 PRINT "CONNECT THE SIGNAL GENERATOR (USING POWER SPLITTER) TO POWER METER AND SCOPE 

CHANNEL "tVALS(Channel) 

370 PRINT "PRESS CONTINUE" 

380 PAUSE 

390 PRINT "ZERO POWER METER/SENSOR AND ENTER SENSOR'S 250 MHz CAL FACTOR." 

400 PRINT "SET THE SIGNAL GENERATOR TO 250 MHz AND ADJUST OUTPUT" 

410 PRINT "UNTIL POWER METER READS 25 uW" 

420 PRINT "PRESS CONTINUE" 

430 PAUSE 

440 PRINT "DISCONNECT POWER SENSOR, AND RECONNECT POWER SPLITTER TO SCOPE'S EXT TRIGGER 

INPUT" 

450 OUTPUT @Scope;"BLAN CHAN1,CHAN2" 

460 OUTPUT 0Scope;"VIEW CHAN"«VALS(Channel) 

470 OUTPUT @Scope;"CHAN"«VALS(Channel)S":COUP DCF" 

480 OUTPUT 0Scope;"TRIG:COOP DCF" 

490 OUTPUT ascope;"TRIG;SOUR EXT" 

500 OUTPUT aScope;"TRIG:LEV 0" 

510 OUTPUT ascope;"RUN" 

520 PRINT "TRIGGERED? OBSERVE TRIG'D LED" 

530 PRINT "PRESS CONTINUE" 

540 PAUSE 

550 NEXT Channel 

560 OUTPUT aScope;"*RST" 

570 PRINT "PROGRAM COMPLETED" 

580 END 
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Table 4-1. Verification Test Record 


Hewlett-Packard Company 

Model HP E1428A 

Tested by 


C Size VXI Oscilloscope Module 

Work Order No. 


1 V Recommended test interval [16 months f 1 1000 hours Recommended next tesdne 

Serial Number TemDeranire 

Date 







Para- 

No. 

Test 

Min. 

Results 

Actual 

Max. 

4-7 

FUNCTIONAL VERIFICATION 

Self Test 

Test passes (-t-O returned) 


rvi 


4-10 

PERFORMANCE VERIFICATION 

DC Calibrator Test 

Calculated Difference (0 and 5 V) 

4.990 Vdc 


S.010 Vdc 

4-11 

Input Resistance Test 

CHAN 1 

1MO 

990 kn 


1.010 Mn 


son 

49.son 


so.son 


CHAN 2 

IMO 

990 kn 


1.010 Mn 


son 

49.S0n 


5o.son 

4-12 

Voltage Measurement Accuracy Test 

CHAN 1 

40 V Range, 30 V Power Supply 

29.34 V 


30.66 V 


40 V Range, 1S V Power Supply 

14.34 V 


15.66 V 


40 V Range, S V Power Supply 

4.34 V 


5.66 V 


1.6 V Range, 1.2 V Power Supply 

1.1736 mV 


1.2264 mV 


1 .6 V Range, 600 mV Power Supply 

573.6 mV 


626.4 mV 


1.6 V Range, 200 mV Power Supply 

173.6 mV 


226.4 mV 


80 mV Range, 60 mV Power Supply 

S8.68 mV 


61.32 mV 


80 mV Range, 30 mV Power Supply 

28.68 mV 


31.32 mV 


80 mV Range, 10 mV Power Supply 

8.68 mV 


11.32 mV 


S6 mV Range, 42 mV Power Supply 

41.076 mV 


42.924 mV 


S6 mV Range, 21 mV Power Supply 

20.076 mV 


21.924 mV 


S6 mV Range, 7 mV Power Supply 

6.076 mV 


7.924 mV 
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Para- 

No. 


Table 4-1. Verification Test Record — Continued 



Test 

Min. 

Results 

Actual 

Max. 

PERFORMANCE VERIFICATION — Continued 

Voltage Measurement Accuracy Test — Cont 

CHAN 2 




40 V Range, 30 V Power Supply 

29.34 V 


30.66 V 

40 V Range, 15 V Power Supply 

14.34 V 


15.66 V 

40 V Range, 5 V Power Supply 

4.34 V 


5.66 V 

1.6 V Range, 1.2 V Power Supply 

1.1736 mV 


1.2264 mV 

1.6 V Range, 600 mV Power Supply 

573.6 mV 


626.4 mV 

1.6 V Range, 200 mV Power Supply 

173.6 mV 


226.4 mV 

80 mV Range, 60 mV Power Supply 

58.68 mV 


61.32 mV 

80 mV Range, 30 mV Power Supply 

28.68 mV 


31.32 mV 

80 mV Range, 10 mV Power Supply 

8.68 mV 



56 mV Rarige, 42 mV Power Supply 

41.076 mV 


42.924 mV 

56 mV Range, 21 mV Power Supply 

20.076 mV 


21.924 mV 

56 mV Range, 7 mV Power Supply 

6.076 mV 


7.924 mV 

Offset Accuracy Test 

CHAN 1 




1.6 V Range, 2 V Offset 

1.948 V 


2.052 V 

800 mV Range, 1 V Offset 

0.974 V 


1.026 V 

400 mV Range, 500 mV Offset 

487 mV 


513 mV 

CHAN 2 




1.6 V Range, 2 V Offset 

1.948 V 


^052V 

800 mV Range, 1 V Offset 

0.974 V 


1.026 V 

400 mV Range, 500 mV Offset 

487 mV 


513 mV 

Bandwidth Test 

CHAN 1 




^80 mV Full Scale Range at 250 MHz 

dB 



CHAN 2 




280 mV Full Scale Range at 250 MHz 

£-3.0 dB 



Time Measurement Accuracy Test 

Repetitive Mode 




25 nsec 

24.8988 ns 


25.1013 ns 

100 nsec 

99.895 ns 


100.105 ns 

250 nsec 

249.8875 ns 


250.1125 ns 

1 psec 

996.95 ns 


1.00305 ps 

5.0 psec 

4.99675 psec 


5.00325 ps 

Realtime Mode 




Delay 395 ns 

394.830 ns 


395.170 ns 

Period 39.5 ns 

39.348 ns 


39.652 ns 

Delay 3.949999 ps 

3.94952 us 


3.95025 ps 
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Table 4-1. Verification Test Record — Continued 


Para- 

No. 


Test 


4-16 


Trigger Sensitivity Test 


CHAN 1 

iNT at 100 MHz 
■NT at 250 MHz 
EXT at250MHz 


CHAN 2 

INT at 100 MHz 
INT at 250 MHz 
EXT at250MHz 


Results 


Triggered 

Triggered 

Triggered 


Min. 


Actual 


Max. 


LED ON 
LED ON 
LED ON 


!>/] 

[V] 


Triggered LED ON 
Triggered LED ON 
Triggered LED ON 


IV] 
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5 

Adjustments 


5-1. Introduction 


Note 


5-2. Equipment 
Required 


Caution 


Notes 


This chapter contains adjustments that assure peak performance of the 
HP E1428A Oscilloscope. This instrument should be adjusted after 
repair to assure performance. 

Some Oscilloscope adjustments are performed electrically, meaning a 
manual adjustment on a particular component is not necessary. The 
order in which the adjustments are made is critical. Perform 
adjustments in the order given. 


To consider the tests valid, the following conditions must be met: 

• The Oscilloscope must have a 30 minute warm-up at ambient 
temperature installed in the mainframe. 

• The line volta^ must be 115/230 Vac ±10%. 

• For greatest accuracy, the temperature of the test area should 
be between 18“C and 28‘*C and should be stable within ±1®C. 


Equipment required for the adjustment procedures is listed in Table 
1*1, Recommended Test Elquipment Any equipment that satisfies the 
critical specifications given in the table may be substituted. 


Do not remove the module with power applied to the mainframe. 

The firmware calibration procedures should only be performed after the 
instrument has run for one half hour at ambient temperature installed 
in the mainframe. 


All firmware calibration/adjustment procedures should be 
done in the order given. 

After calibrating, you BfUST perform an AUToscale or *RST (reset) to 
return to normal operation. 
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5*3. Load Default The default calibration factors are loaded to give a known base for the 
Calibration Procedure following hardware and firmware calibration procedures. 


Caution Once the default cals are loaded, all firmware calibrations must be 

done. This includes vertical, delay, time null, logic trigger delay, and 
external trigger null calibrations. 

All calibration must be performed in the order given. 


1. Set the Oscilloscope controls as follows: 


Non-volatile RAM unprotect.... 

Select Default Cal routine . 

Load Default Cal data . 

Clear status register . 

Reset oscilloscope . 

Preset oscilloscope . 


SYST:NVPR OFF,<password> 

.CAL:SCAL:DCAL 

.CAL:SCAL:BCAL 

.*CLS 

.*RST 

.SUMMrPRES 


Note 


Example 


Execute: 

10 !PROGRAM "LOCALP" 

20 !LOAD DEFAULT CALIBRATION PROCEDURE 

30 CLEAR SCREEN 

40 ASSIGN eScope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

50 PRINT "DEFAULT CALIBRATION FACTORS WILL BE LOADED." 

60 PRINT "PRESS CONTINUE TO GO ON OR SHIFT/RESET TO TERMINATE PROGRAM." 
70 PAUSE 
80 CLEAR SCREEN 

90 OUTPUT 0Scope;"SrST:NVPR OFF,'SYSTEM*" 

100 PRINT "CALIBRATION SWITCH TO UNPROTECTED" 

110 OUTPUT @Scope;"CAL:SCAL:DCAL" 

120 PRINT "DEFAULT CALIBRATION ROUTINE SELECTED" 

130 OUTPUT 0Scope;"CAL:SCAL;BCAL" 

140 PRINT "DEFAULT CALIBRATION DATA LOADED" 

150 OUTPUT 0Scope;"*CLS" 

160 PRINT "CLEAR STATUS" 

170 OUTPUT 0Scope;"*RST" 

180 PRINT "OSCILLOSCOPE RESET TO DEFAULT STATE" 

190 OUTPUT 0Scope;"SUMM:PRES" 

200 PRINT "OSCILLOSCOPE PRESET" 

210 PRINT "PROGRAM COMPLETED" 

220 END 


If R208 (CAL PRC)TE(7D is installed (on top of the board towards the 
front), then the Non-volatile RAM is always in the unprotect mode, and 
sending the SYSTrNVPR OFF,<password> command is not necessary. 
<password> default is "SYSTEM" from factory. 


The following example shows how to perform a default calibration load. 
The example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

• COMPatible programming language 

• an HP Series 20(y3(X) Computer with HP BASIC 
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5-4. Firmware 
Calibration Procedure 


Caution 


Note 


Vertical Calibration 


Note 


Figure 


Firmware calibration uses signals generated in the oscilloscope 
(available at the Probe Comp/Cal/Trig Output connector) to calibrate 
channel sensitivity, offsets, and trigger parameters. 


The Firmware Calibration should only be done after the oscilloscope 
has been installed and running in the VXI mainframe for one half hour 
at ambient temperature with all covers installed. 


The "Load Default Calibration Procedure” must be completed prior to 
performing the Firmware Calibration Procedure.. 


1. Connect the Oscilloscope Probe Comp/Cal/Trig Output connector 
to the Input 1, Input 2, and EXT TRIG connectors using a BNC 
Tee and cables. 


Verify that the BNC cables are not longer than 1 meter and same length. 



5-1. Example; Vertical Calibration Setup 
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2. Perform clear status, reset, then preset the Oscilloscope. 

3. Select and start the vertical calibration routine. Calibration 
will last for no longer than 15 minutes. During calibration, the 
access and error LED's will be on. 


Not6 If the calibration time exceeds 15 minutes, the calibration is invalid. 

Rei^cle power then repeat procedure. If the condition repeats, the 
instrument is malhinctioning. Refer to Chapter 8 for information on 
correcting the malfunction before proceeding. 


4. After calibration is complete (LED's to off), read the calibration 
event register to verify that no errors were generated during the 
procedure. 

• If "O" is returned, the calibration was successful. 

* If "0" is not returned, the calibration attempt was 
unsuccessful. See Chapter 4, CALibrate Subsystem in the 
User's manual for more information. 

5. When complete, disconnect BNC cables and BNC Tee, and 
perform Delay Calibration Procedure. 

Exam pi G The following example shows how to perform a vertical calibration. 

The example is vnritten using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

• COMPatible programming language 

• an HP Series 2(XV3(X) Computer with HP BASIC 

Execute: 

10 !PROGRAM "FCALP" 

20 !FIRMWARE CALIBRATION PROCEDURE 

30 CLEAR SCREEN 

40 ASSIGN ©Scope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

50 PRINT "CONNECT PROBE COMP CAL/TRIG OUTPUT CONNECTOR" 

60 PRINT "TO INPUT 1, INPUT 2, AND EXT TRIG" 

70 PRINT "PRESS CONTINUE" 

80 PAUSE 

90 OUTPUT ©Scope;""CLS" 

100 OUTPUT ©Scope;"*RST" 

110 OUTPUT ©Scope;"SUMM:PRES" 

120 OUTPUT ©Scope;"CAL:SCAL:VERT" 

140 OUTPUT ©Scope;"CAL:SCAL:BCAL" 

160 OUTPUT ©Scope;"SUMM:QUES:CAL?" 

170 PRINT "CALIBRATION TAKES APPROXIMATELY 4 MINUTES TO COMPLETE." 

180 PRINT "ERROR LIGHT WILL BE ON DURING CAL." 

190 ENTER ©Scope;A 

200 PRINT A,"CALIBRATION RESULTS" 

210 PRINT "PROGRAM COMPLETED" 

220 END 
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Delsy Cslibrstion 6. Connect the Oscilloscope Probe Comp/Cal/Trig Output connector 

to the Input 1 connector using a BNC cable. 


N0t6 Verify that the BNC cable is not longer than 1 meter. 



Figure 5-2. Example: Delay Calibration Setup 

7. Perform clear status, reset, then preset the Oscilloscope. 

8. Select and start the delay calibration routine. Du ring 
calibration, the access and error LED's will be on. 

If the calibration time exceeds 1 minute, the calibration is invalid. 
Recycle power then repeat procedure. If &e condition repeats the 
instrument is malfunctioning. Refer to the Chapter 8 for information 
on correcting the malfunction before proceeding. 
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9. After calibration is complete (LED's to o£D> read the calibration 
event register to verify that no errors were generated during the 
procedure. 

• If "0" is returned, the calibration was successful. 

• If "0" is not returned, the calibration attempt was 
unsuccessful. See Chapter 4, CAIdbrate Sub^stem in the 
User's manual for more information. 

10. Disconnect cable from input 1 and reconnect to input 2. Repeat 
steps 8 and 9 for input 2. 

11. When complete, disconnect BNC cable and perform Time Null 
Calibration Procedure. 

ExamplG The following example shows how to perform a delay calibration. The 
example is written using: 

• an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

• COMPatible programming language 

• an HP Series 20(V300 Computer with HP BASIC 


Execute: 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 


!PROGRAM "DELCAL" 

!DELAY CALIBRATION 
CLEAR SCREEN 

PRINT "WARNING; If E1428A is improperly connected to generator" 
PRINT " or if hardware is defective, calibration will" 

PRINT " not complete but will TIMEOUT after 3 minutes." 

PRINT 

PRINT " If program is not allowed to run, power to E1428A" 

PRINT " must be cycled for further communication with scope." 

PRINT 

ASSIGN @Scope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

OUTPUT 0Scope;"*CLS" 

OUTPUT 0Scope;"*RST" 

OUTPUT 0Scope;"SUMM:PRES" 

PRINT "CONNECT PROBE COMP CAL/TRIG TO INPUT 1" 

PRINT "PRESS CONTINUE" 

PAUSE 

FOR I«1 TO 2 

OUTPUT @Scope;"CAL:SCAL:DEL CHAN"«VAL$(I) 

OUTPUT 0Scope;"CAL:SCAL:BCAL" 

OUTPUT @Scope;"SUMM:QUES:CAL?" 

PRINT "CALIBRATION TAKES LESS THAN 1 MINUTE." 

PRINT "ERROR LIGHT WILL BE ON DURING CAL." 

ENTER 0Scope;B 

PRINT B,"CALIBRATION RESULTS FOR CHANNEL ";I 
IF 1-2 THEN GOTO 310 

PRINT "CONNECT PROBE COMP CAL/TRIG OUTPUT TO INPUT 2" 

PRINT "PRESS CONTINUE" 

PAUSE 
NEXT I 

PRINT "PROGRAM COMPLETED" 

END 
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Time Null Calibration 12. Connect the Oscilloscope Probe Comp/Cal/Trig Output connector 

to the Input 1 and Input 2 connectors using a BNC Tee. 


Note 


Verify that the BNC cables are not longer than 1 meter and equal in 
length. 



Figure 5-3. Example: Time Null Calibration Setup 

13. Perform clear status, reset, then preset the Oscilloscope. 

14. Select and start the time null calibration routine. During 
calibration, the access and error LED's will be on. 


Not© If the calibration time exceeds 1 minute, the calibration is invalid. 

Recycle power then repeat procedure. If the condition repeats the 
instrument is malfunctioning. Refer to Chapter 8 for information on 
correcting the malfunction before proceeding. 
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15. After calibration is complete (LED's to off), read the calibration 
event register to verify that no errors were generated during the 
procedure. 

• If "0" is returned, the calibration was successful. 

• If "0” is not returned, the calibration attempt was 
unsuccessful. See Chapter 4, CALibrate Sub^stem in the 
User's manual for more information. 

16. Disconnect cable from input 2 and reconnect to EXT TRIG. 
Repeat steps 14 and 15 for external trigger. 

17. When complete, disconnect BNC cable and perform the Logic 
Trigger Delay Calibration Procedure. 

Examplo The following example shows how to perform a time null calibration. 
The example is written using: 

* an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

* COMPatible programming language 

* an HP Series 20(V300 Computer with HP BASIC 

Execute: 

10 !PROGRAM "TNOLCAL" 

20 !TIME NULL CALIBRATION 
30 CLEAR SCREEN 

40 PRINT "CONNECT PROBE COMP CAL/TRIG OUTPUT TO INPUT 1 AND 2" 

50 PRINT "ACCESS AND ERROR LED's WILL BE ON DURING CALIBRATION" 

60 PRINT "PRESS CONTINUE" 

70 PAUSE 

80 ASSIGN aScope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

90 OUTPUT 0Scope;"»CLS" 

100 OUTPUT 0Scope;"»RST" 

110 OUTPUT 0Scope;"SUMM:PRES" 

120 OUTPUT 0Scope;"CAL:SCAL:TNUL CH1T02" 

130 PRINT "CHANNEL 1 TO 2 TIME NULL CALIBRATION ROUTINE SELECTED" 

140 OUTPUT 0Scope;"CAL:SCAL:BCAL" 

ISO OUTPUT 0Scope;"SDMM:QDES;CAL?" 

160 ENTER @Scope;C 

170 PRINT C, "CALIBRATION RESULTS" 

180 PRINT "DISCONNECT CABLE FROM INPUT 2 AND RECONNECT TO EXT TRIG." 

190 PRINT "PRESS CONTINUE" 

200 PAUSE 

210 OUTPUT 0Scope;"CAL:SCAL:TNUL CHITOEXT" 

220 PRINT "CHANNEL 1 TO EXT TIME NULL CALIBRATION ROUTINE SELECTED" 

230 OUTPUT @Scope;"CAL:SCAL:BCAL" 

240 OUTPUT @Scope;"SUMM:QUES:CAL?" 

250 ENTER eScope;D 

260 PRINT D, "CALIBRATION RESULTS" 

270 PRINT "PROGRAM COMPLETED" 

280 END 
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Logic Trigger Delay 
Calibration 


18. Connect the Oscilloscope Probe Comp/Cal/Trig Output 
connector to the Input 1 connector using a BNC cable. 


Note 


Verify that the BNC cable is not longer than 1 meter. 



Figure 5*4. Example: Logic Trigger Delay Calibration Setup 

19. Read the calibration register to verify that no errors are present. 

• If "0" is returned, proceed with step 20. 

• If "0" is not returned, the Logic Trigger Delay calibration 
must be terminated, and the cause of the error corrected. See 
Chapter 4, CALibrate Subsystem in the user's Manual for 
more information. 

20. Perform clear status, reset, then preset the Oscilloscope. 

21. Select and start the logic trigger calibration routine. Verify that 
the triggered LED flashes. 
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22. After calibration is complete (LED's to ofi)> read the calibration 
register to verify that no errors were generated during the 
procedure. 

• If "0” is returned, the calibration was successful. 

• If "0" is not returned, the Logic Trigger Delay calibration 
must be terminated, and the cause of the error corrected. See 
Chapter 4, CALibrate Subsystem in the user's Manual for 
more information. 

23. Disconnect BNC cable and set the Non-volatile RAM protection 
mode to ON (if desired). 

ExsmplG The following example shows how to perform a logic trigger delay 
calibration. The example is written using; 

* an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

* COMPatible programming language 

* an HP Series 200/300 Computer with HP BASIC 

Execute: 

10 .'PROGRAM "LTDELCAL" 

20 !LOGIC TRIGGER DELAY CALIBRATION 

30 CLEAR SCREEN 

40 PRINT "CONNECT PROBE COMP CAL/TRIG OUTPUT TO INPUT 1" 

50 PRINT "ACCESS AND ERROR LED WILL BE ON DURING CALIBRATION" 

60 PRINT "PRESS CONTINUE" 

70 PAUSE 

80 ASSIGN escope TO 70905 ! USE A VARIABLE FOR SCOPE ADDRESS 

90 OUTPUT eScope;"*CLS" 

100 OUTPUT eScope;"*RST" 

110 OUTPUT escope;"SUMM:PRES" 

120 OUTPUT escope;"CAL:SCAL:LTC" 

130 PRINT "LOGIC TRIGGER CALIBRATION ROUTINE SELECTED" 

140 OUTPUT escope;"CAL:SCAL:BCAL" 

150 OUTPUT escope;"SOMM:QDES;CAL?" 

160 ENTER escope;E 

170 PRINT E, "CALIBRATION RESULTS" 

180 OUTPUT eScope;"SYST:NVPR ON,'SYSTEM'" 

190 PRINT "IF R208 (REF PARA 5-3) IS INSTALLED" 

200 PRINT "PREVIOUS PROGRAM STEP WILL CAUSE ERROR" 

210 PRINT "LED TO BE ON WHEN CALIBRATION IS COMPLETED" 

220 PRINT "PROGRAM COMPLETED" 

230 END 
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5-5. High Frequency 
Pulse Adjustment 
Procedure 


Note 


The High Frequency Pulse Response adjustment is performed by 
applying a fast-rise pulse and adjusting overshoot to between 3% and 
4%. 


This adjustment is performed ONLY when a vertical attenuator (ATl- 
2) has been replaced, or if the Bandwidth Test fails. A complete 
firmware calibration (paragraph 5-4) MUST be completed prior to 
performing this adjustment. 


1. Remove the oscilloscope right side cover by removing eight Tone 
screws and loosening the four iront panel BNC connector nuts. 
Locate the following adjustments (see Figure 5-5). 

ATI (channel 1) is A1 R747. 

AT2 (diannel 2) is A1 R748. 


2. Connect the equipment as shown in Figure 5-5. Pulse Generator 
output is connected to the Input connector of the channel that is 
being adjusted using an SMA-BNC adapter (see table 1-1). 

3. Set the Oscilloscope (on the channel being adjusted) as follows: 


Reset Oscilloscope . 

Perform an Autoscale . 

Channel 1 Coupling to DC at 500 

Channel 1 Range to 320 mV. 

Channel 1 Offset to 300 mV . 

Timebase to repetitive . 

Acqviisition type to average. 

Acquisition count to 16 . 

Time Base Range to 50 nsec . 

Trigger source to channel 1 . 

Trigger level to 200 mV. 

Trigger holdoff to 10 psec . 

Measurement source to channel 1 . 

Digitize channel 1 . 

Measxire overshoot. 


. *RST 

. AUT 

. CHANlrCOUP DCF 

... CHANlJIANG 400E-3 
.... CHANlrOFFS 175B-3 
. TIM:SAMPREP 

.acq™>eaver 

. ACQ:C0UN16 

. TIM:RANG 50E-9 

. TRIG:SOUR CHANl 

. TRIG:LEV 200E-3 

TRIG:HOLD TIME lOE-6 
.... MEASiSOURCHANl 

. DIG CHANl 

. MEAS.OVER? 


4. Verify measured result is ^3% and 

• If correct, proceed with step 5. 

• If >4%, adjust the resistor (A1R747) CCW and repeat the 
procedure. 

• If adjust the resistor (A1R747) CW and repeat the 
procedure. 

5. Repeat steps 2 through 4 for channel 2. Substitute adjustment in 
step 4 with A1R748. 


6. Disconnect test equipment. Reinstall the oscilloscope right side 
cover. 
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Figure 5-5. High Frequency Pulse Adjustment Setup 
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ExainplG The following example shows how to perform a logic trigger delay 
calibration. The example is written using: 

* an HP-IB select code of 7, primary address of 09, and secondary 
address of 05 for the Oscilloscope 

* COMPatible programming language 

* an HP Series 200/300 Computer with HP BASIC 


Execute: 


10 

20 

30 

40 

50 

60 

61 

70 

80 

90 

100 

110 

111 

120 

130 

140 

142 

143 
150 
160 
170 
180 
190 
200 
201 
210 
220 
221 
230 
250 
260 
270 
280 
290 
300 
310 
320 
330 

340 

341 

342 

343 

344 

350 

351 

353 

354 
360 


!PROGRAM "HFPAR" 

IHIGH FREQUENCY PULSE ADJUSTMENT PROCEDURE 
CLEAR SCREEN 

PRINT "CONNECT SIGNAL GENERATOR TO CHANNELl INPUT" 

PRINT "PRESS CONTINUE" 

PAUSE 

Channel=l 

ASSIGN escope TO 70905 
Retryl: ! 

OUTPUT @Scope;"*CLS" 

OUTPUT 0Scope;"*RST" 

OUTPUT @Scope;”AUT" 

WAIT 2 

OUTPUT 0Scope;"CHAN"4VAL$(Channel)t":COUP DCF" 

OUTPUT @Scope;"CHAN"SVAL$(Channel)«":RANG 400E-3" 

OUTPUT 0Scope;"CHAN"iVAL$(Channel)S":OFFS 175E-3" 

OUTPUT 0Scope;"TRIG;SOUR CHAN"SVALS(Channel) 

OUTPUT 0Scope;"TRIG:LEVEL 200E-3" 

OUTPUT 0Scope;"TIM:RANG 50E-9" 

OUTPUT 0Scope;"TIM:SAMP REP" 

OUTPUT 0Scope;"ACQ;TYPE AVER: 

OUTPUT 0Scope;"ACQ:COUN 16" 

OUTPUT 0Scope;"TRIG;HOLD TIME,10E-6" 

OUTPUT 0Scope;"DIG CHAN"4VALS(Channel) 

OUTPUT 0Scope;":MEAS:SOOR CHAN"SVAL$(Channel) 

OUTPUT 0Scope;"MEAS:OVER?" 

ENTER @Scope;Over 

PRINT "OVERSHOOT » ";Over*100; 

IF Over> .04 OR Over<.03 THEN 

PRINT "OVERSHOOT OUT OF SPECIFIED RANGE" 

PRINT "SLOWLY ADJUST APPLICABLE RESISTOR TO CHANGE OVERSHOOT." 
PRINT "CW INCREASES OVERSHOOT AND IMPROVES BANDWIDTH." 

PRINT "CCW DECREASES OVERSHOOT AND DECREASES BANDWIDTH." 

PRINT "REPEAT TEST" 

PRINT "PRESS CONTINUE" 

PAUSE 

GOTO Retryl 
END IF 

PRINT "OVERSHOOT IS WITHIN RANGE" 

IF Channel-2 THEN 
PRINT "PROGRAM DONE" 

STOP 
END IF 

PRINT "CONNECT SIGNAL TO CHANNEL 2. PRESS CONTINUE." 

PAUSE 
Channel-2 
GOTO Retryl 
END 
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Replaceable Parts 


6-1. Introduction 


6-2. Ordering 
information 


6-3. Exchange 
Assembiies 


6-4. Abbreviations 


6-5. Replaceabie 
Parts List 


This chapter contains information for ordering parts. Table 6-1 lists 
exchange assemblies. Table 6-2 lists abbreviations used in the parts list 
and the manual. Table 6-3 lists all replaceable parts in reference 
designator order. Table 6-4 contains the names and addresses that 
correspond to the manufacturer's code numbers. 

To order a part listed in the replaceable parts table, quote the Hewlett- 
Packard part number (with the check digit), indicate the quantity 
required, and address the order to the nearest Hewlett-Packard office. 
The check digit will ensure accurate and timely processing of your 
order. 

To order a part that is not listed in the replaceable parts table, include the 
instrument model number, instrument serial number, description and 
function of the part, and the number of parts required. Address the order 
to the nearest Hewlett-Packard office. 

Table 6-1 lists assemblies within the instrument that may be replaced 
on an exchange basis. Exchange, factory-repaired and tested 
assemblies are available only on a trade-in basis. Defective 
assemblies must be returned for credit. Assemblies required for spare 
parts stock must be ordered by the new assembly part number. 

Table 6-2 lists reference designators and abbreviations used in the parts 
list, schematics, and throughout the manual. In some cases, two forms 
of the abbreviation are used, one all in capital letters, and one with 
partial or no capitals. This occurs because the abbreviations in the parts 
list are always all capitals. However, in the schematics and other parts 
of the manual, other abbreviation forms are used with both lower case 
and upper-case letters. 

Table 6-3 is the list of replaceable parts and is organized as follows: 


a. Electrical assemblies and their components in alpha-numerical 
order by reference designation. 

b. Chassis-mounted parts in alpha-numerical order by reference 
designation. 

c. Mechanical parts. 

Information given for each part consists of the following: 

a. The Hewlett-Packard part number. 

b. Part number check digit (CD). 

c. The total quantity (Qty) for the entire instrument except for option 
assemblies. 

d. The description of the part. 


Replaceable Parts 6-i 




e. A typical manufacturer of the part in a five-digit code. 

f. The manufacturer's number for the part. 

The total quantity for each part is given only once at the first appearance 
of the part number in the list for each mqjor assembly. 


Table 6-1. Part Numbers for Exchange Assemblies 


Reference 


Part Number* | 

Designation 

Description 

Exchange Assy 

New Assy 

A1 

Motherboard PCA 

E1428-69501 

E1428-66501 

A2 

Memory PCA 

E1428-69502 

E1428-66502 


"‘When (nrdeiing extra assemblies for spare parts stock, use new assembly part 
number only. Exchange orders require return of the defective part._ 
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Table 6-2. Reference Designators and Abbreviations (1 of 2) 


REFERENCE DESIGNATIONS 


A.assembly 

AT ... attenoator, isolator; 

terminatioii 

B.fan; motor 

BT.battery 

C.capacitor 

CP.coupler 

CR.diode; diode 

thyristor; varactor 
DC .... directional coupler 

DL.delay line 

DS.annunciator; 

si^aling device 
(audible or visual); 
lamp; LED 


E.miscellaneous 

electrical part 

F.fuse 

FL.filter 

H. hardware 

HY.circulator 

J .... electrical connector 
(stationary portion); 

jack 

K.relay 

L.coil; inductmr 

M.meter 

MP.miscellaneous 

mechanical part 


P .... electrical connector U . 
(movable portion); 

plug V . 

Q.transistor, S(^ VR . 

triode thyristor 

R.resistor W .. 

RT ..thermistor 

S.switi^ X .. 

T.transfonrrer Y . . 

TB.terminal board 

TC.thermocouple Z ., 

TP.test point 


. integrated circuit; 
microcircuit 

.electron tube 

. voltage regulator; 

breakdown diode 
cable; transmission 
path; wire 

. socket 

. crystal unit (piezo¬ 
electric or quartz) 
tuned cavity; tuned 
circuit 


ABBREVIATIONS 


A.ampere 

ac.ahemating current 

ACCESS.accessory 

ADJ.adjustment 

A/D .... analog-to-digital 

AF.audio firequency 

AFC.automatic 

ficquency control 

AGC.automatic gain 

control 

AL ......... ■liiminntn 

ALC.automatic level 

control 

AM.amplitude 

modulation 

AMPL.amplifier 

APC .... automatic phase 
control 

ASSY.assembly 

AUX.auxiliary 

avg.average 

AWG.American wire 

gauge 

BAL.balance 

BCD.binary coded 

decimal 

BD.board 

BE CU.beryllium 

copper 

BFO.beat frequency 

OBcillfttor 

BH.binder head 

BKDN.breakdown 

BP.bandpass 

BPF.bandpass fflter 

BRS.brass 

BWO.backward-wave 

oscillator 

CAL.calilurate 

ecw.counter-clockwise 

CER.ceramic 

CHAN.channel 

cm.centimetre 

CMC.cabinet mount 

only 

COAX ......... 


COEF . 


COM .. 


COMP . 


CX)MPL 


CONN. 


CP ... 

... cadmium plate 

CRT .. 

. . cathode-ray tube 

CTL .. 

... complementary 


transistor k^ic 

CW a • • 

. . continuous wave 

ew a a a 


D/A .. 

.. digital-to-analog 

dB . . . 


dBm .. 

.. . decibel referred 


tolmW 

dc.... 

.... direct current 

deg ... 

degree (temperature 

interval or dificrence) 

e ^ ^ ^ 

.... degree (plane 


angle) 

'C ... 

.... degree Celsius 


(centigrade) 

®F.... 

. degree Fahrenheit 

®K ... 

.... degree Kelvin 

DEPC . 

.. deposited carbon 

DET .. 


diam .. 


DIA .. 

.. diameter (used in 


parts liet) 

OlFF AAU'L a a a difierentul 


amplifiw 

div . . . 


DPDT . 



double-t^w 

DR .. . 


DSB .. 

... doublesidcband 

DTL .. 

... diode transistor 


logic 

DVM.. 

.. digital voltmeter 

ECL .. 

... emitter coupled 


logic 

EMF .. 

. electromotive force 


EDP.electroruc data 

processing 


ENCAP .... encapsulated 

EXT.external 

F . ..farad 

FET.field-effect 

transistor 

F/F.flip-flop 

FH.flat head 

FXLH ...... head 

FM.frequency 

modulation 

FP.front panel 

FREQ.frequency 

FXD.fixed 

t .gram 

GE.germanium 

GHz.gigahertz 

GL.glass 

GRD.gTonnd(ed) 

H..... .henry 

b. boor 

HET.heterodyne 

HEX.. bexagmial 

HD ............ 

HDW.hi^ware 

HF.high firequency 

HG ..mercury 

HI ............. high 

HP.Hewlc^Packard 

HPF.hi|d> pass filter 

HR.. . hoar(uaedin 

parts list) 

HV.hi|^ voltage 

Hz.Hertz 

IC.intepated circuit 

ID.inMde diameter 

IF.intermediate 

frequency 

IMPG.impregnated 

in.inch 

INCD .... inneandeaoent 

INCL.include(s) 

INP ..input 

INS......... iiuulation 


INT .. 
kg .... 
kHz... 
kn ... 
kV ... 


lb a a e a 


LC ... 

capadtence 

LED .. 

li^tamitting diode 

LF ... 

.... low frequency 

LG ... 


LH ... 


UM .. 


UN .. 

. .linear taper (used 
in parts list) 



UC WASH ... lock washer 

LO ... 

low; local oadllator 

LOG .. 

. . logarithmic taper 
(u^ in parts 1^) 

log ... 

.... log^thm(ic) 

LPF .. 

.... low pass filter 

LV ... 


ID a » a a 

... metre (distance) 

OftA a a a 


MAX. . 


Mn ... 


MEG .. 

. .. mag (1(P) (used 
in parts list) 

MET FLM .... metal film 

METOX 

... metallic oxide 

MF* a a a 

. medium frequency; 
microfarad (used in 
parts list) 

b&f’K a a 

.... manufacturer 

mg a a a 


MHz .. 


mH ... 


mho a a 


MIN .. 


mm a a a 

. .. . minute (time) 

> 

a** a a a 0 

. .. . minute (plane 
angle) 

MINAT 


mm a a a 



NOTE 

AB abbreviatioiu in the parts list will be in uppercase. 


Replaceable Parts 6-3 































































































































































Table 6-2. Reference Designators and Abbreviations (2 of 2) 


MOD . 


OD.... 

.. outside diameter 

PWV . 


TD .... 


MOM . 


OH.... 



voltage 

TERM . 


MOS . 


OP AMPL.operational 

RO • • e 


TFT ... 

thin-film transistor 


aemiconduetor 


amplifier 


capacitance 

TGL... 


ns • • • 


OPT... 


RECTT. 


THD... 


MTG . 


OSC... 


REF.. 


THRU . 


MTR . 

... meter (indicating 

OX.... 


REG.. 


■n .... 






REPL. 


TOL... 


mV .. 


n . 


RF... 

.... radio fiequency 

TRIM.. 


mVac . 


p . 

. peak (uaed in parte 

RFI .. 

.... radio frequency 

TSTR .. 


mVdc . 



list) 


interforence 

TTL... 

transistorfransistor 

mVpk. 


PAM .. 

... pulse-amplitude 

RH... 

... round head; right 


logic 

mVp-p 

.... millivolt, peak- 


moddation 


hmid 

TV.... 



to-peak 

PC.... 

.... printed drcnit 

RLC.. 


TVI ... 


mVtma 


PCM .. 

. pulse rode module- 


inductance 


interforence 

mW .. 



tion; pulaecount 


capacitance 

TWT... 

traveling wave tube 

MUX . 



modulation 

RMO . 

... rack mount only 

U. 

. micro (KT*) (used 

MY .. 


PDM .. 

.... pulse-duration 

Tins • • 

... root-mean-sqnare 


in parts list) 

i*A . .. 



modulation 

RND . 


UF.... 

microfarad (used in 

fiF • • • 


pF .... 


ROM . 

.. read-only memoiy 


parts list) 

mH... 


PHBRZ 

.. phosphor bnmxe 

R&P.. 

.... rackandpanel 

UHF .. 

ultrahigh frequency 

flOkhO a 


PHL... 

.PhiUipe 

RWV . 

.... reverse working 

UNREG 


ItB • • • 


PIN ... 

. .positiveintiinsie- 


voltage 

V. 


pV ... 



negative 

S .... 

scattering parameter 

VA.... 


pVac . 


PIV ... 


S e e • e 


Vac ... 


pVdc . 



voltage 

M 

. second (plane an^) 

VAR... 


MVpk . 

.... microvolt, p^ 

pk .... 

. peak 

S*Be • • 

.... slow-blow (fuse) 

VCO... 

. voltageoontroUed 

mVpp • 

.... microvolt, peak- 

PL .... 



(used in parts hst) 


oscillator 


hMpeak 

PLO... 


SCR.. 

... silicon controlled 

Vdc ... 


mVibu 



oscillator 


rectifier; screw 

VDCW . 

. volts, dc, working 

mW • e « 


PM.... 

. phase modulation 

SE • • • 



(used in parts hst) 

hA • 0« 


PNP... 

. positivenegative 

SECT. 


V(F)... 

.... volfo filtered 

NC... 



positive 

SEMICON . semicon- 

VFO... 

. variablefr^usncy 

N/C 

.... normally cloaed 

P/0 ... 



ductor 


oadllator 

NE... 


POLY.. 


SHF.. 


VHF... 


NEC . 


POBC.. 



fr^uency 


frequency 

nF ... 


POS... 

positive; positioais) 

SI ... 


Vpk ... 


Ml PL. 



(used in parts Ust) 

SO. .. 


Vp-p... 

. volts, peak-tepeak 

N/O.. 


POSN.. 


SL... 


Vrms .. 


NOM . 


POT... 

.... potentiometer 

SNR.. 

. signal-tenoise ratio 

VSWR . 

.. voltage standing 

NORM 


p-p .... 


SPOT. 



wave ratio 

NPN . 

.. negativeiioBitive- 

PP .... 

. peak-to-peak (used 


douUMhrow 

VTO... 

.... voltagetuned 


negative 


in parts list) 

SPG.. 



oscillator 

NPO.. 

... negative-paaitive 

PPM... 

.... pulseiiosition 

SR... 


VTVM . 



sero (aero tempera- 


modulation 

SPST . 



voltmetm 


tore coefficient) 

PREAMPL ... preamplifier 


singlethrow 

V(X)... 

... volts, switched 

NRFR. 

.. not recommended 

PRF... 

... pulserepetition 

SSB .. 

.... single sideband 

w. 



for field replacement 


fr^uency 

SST .. 


w/.... 


NSR.. 


PRR... 

... pulse repetition 

STL .. 


WIV... 

.. working inverse 


replaceable 


rate 

SQ... 



voltage 

ns • • * 


ps • • .• 


SWR.. 

. standing-wave ratio 

ww ... 


nW... 


PT.... 


SYNC. 


W/0... 


OBD.. 

... order by deecrip- 

PTM... 


T... 

tiined (slow-blow fuse) 

YIG ... 

yttrium-iron-gamet 


tion 


modulation 

TA... 


Zp • • e e 

.... characteristic 



PWM .. 


TC... 



^pcwlinfci 




modulation 


compensating 




NOTE 

All abbieviatioiia in the parte liat will be in uppertaae. 


MULTIPLIERS 

Abbw rta tlon Ptaltai 

T tera 

G giga 

M mega 

k kilo 

da deka 

d ded 

c cent! 

m milli 

M micro 

n nano 

p pico 

f {mto 

a atto 
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Table 6*3. Replaceable Parts 


Reference 

Designator 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

A1 

E1428-e6501 


1 

Motherboard Printed Circuit Assembly 

28480 

E1428-66501 

A1 

E1428-69501 


1 

Motherboard PCA (Exchange) 

28480 

E1428-69501 





(repair limited to replacement of these parts 




54512-63402 


2 

Vertical Attenuator 

28480 

54512-63402 


54512-63402 



Vertical Attenuator 

28480 

54512-63402 


2110-0699 


6 

Fuse-Sub Miniature-5A 

28480 

21100699 


2110-0699 



Fuse-Sub Miniatuie-SA 

28480 

21100699 


2110-0699 



Fuse-Sub Miniature-5A 

28480 

2110-0699 

A1F4 

2110-0699 



Fuse-Sub Miniature-5A 

28480 

21100699 

AIR 

2110-0699 



Fuse-Sub Miniatuie-SA 

28480 

21100699 

A1F6 

2110-0699 



Fuse-Sub Miniature-SA 

28480 

21100699 

A1J1 

1250-2012 


2 

Connector. 6NC female. 50 ohms 

28480 

1250-2012 

A1J2 

1250-2012 



Connector. BNC female. 50 ohms 

28480 

1250-2012 

A2 

E1428-66502 


1 

Memory Printed Circuit Assembly 

28480 

E1428-66502 

A2 

El428-69502 


1 

Memory Printed Circuit Assembly (Exchange 

)28480 

E1428-69502 





MECHANICAL PARTS 



MP1 

E1428-00201 


1 

Front Panel 

28480 

E1428-00201 

MP2 

El 428-00601 


1 

Shield. Top (Right) 

28480 

E1428-00601 

MP3 

E142800602 


1 

Shield. Bottom (Left) 

28480 

E1428-00602 


8160-0686 


/n 

RFI Strip Fingers 

28480 

81600686 


Sm Mroduaion lo IM sadion lot otdaring Mocmition 
’ IndicaMc factory MiKMd valu* 
t Bacfcdadng Marmation k) aaction VII 


Table 6-4. Code List of Manufacturers 


Mfr 

Code 

Manufacturer Name 

Address 

Zip Code 

00000 

28480 

ANY SATISFACTORY SUPPLER 

HEWLETT-PACKARD COMPANY CORPORATE HEADQUARTERS 

PALO ALTO CA 

94304 
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Figure 6-1. Oscilloscope Replaceable Parts 
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Manual Changes 


7-1. Introduction 


This section normally contains information for adapting this manual 
to instruments for which the content does not apply directly. Since this 
manual does apply directly to instruments having serial numbers 
listed on the title page, no change information is given here. Refer to 
INSTRUMENTS COVERED BY THIS MANUAL in Chapter 1 for 
additional important information about serial number coverage. 
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8-1. Introduction 


8 

Service 


8-2. Safety 
Considerations 


Warning 


This chapter contains information for servicing the HP E1428A 
Oscilloscope. Included are procedures for troubleshooting, repair, 
disassembly, and re-assembly. 

This paragraph contains information, cautions, and warnings which 
must be followed for your protection and to avoid damage to the 
equipment when repairing the Oscilloscope. 


Any interruption of the protective (grounding) conductor 
(inside or outside the instrument) or disconnecting the 
protective earth terminal will cause a potential shock hazard 
that could result in personal ipjury. (Grounding one 
conductor of a two conductor outlet is not sufficient 
protection.) In addition, verify that a common ground exists 
between the unit under test and this instrument prior to 
energizing either unit. 

Whenever it is likely that the protection has been impaired, 
the instrument must be made inoperative and be secured 
against any unintended operation. 

If this instrument is to be energized via an autotransformer 
(for voltage reduction) make sure the common terminal is 
connected to neutral (that is, the grounded side of the mains 
supply). 

Servicing instructions are for use by service-trained 
I>ersonnel only. To avoid dangerous electric shock, do not 
perform any servicing unless qualified to do so. 

Maintenance described in the manual is performed with 
power supplied to the instrument while protective covers are 
removed. Energy available at many i>oints may, if contacted, 
result in i>ersonal ipjury. Where maintenance can be 
performed without power applied, the power should be 
removed. 

Capacitors inside the instrument may stiU be charged even if 
the instrument has been disconnected from its source of 
supply. 

For continued protection against fire hazard, replace the line 
fuse(s) only with 250V fuse(s) of the same current rating and 
type (for example, normal blow, time delay, etc.). Do not use 
repaired fuses or short circuited fuseholders. 
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Caution 


Do not disconnect or remove any modules in the mainframe unless the 
mainframe is unplugged. Some modules contain devices that can be 
damaged if the board is removed when the power is on. Several 
components, including MOS devices, can be damaged by electrostatic 
discharge. Use conductive foam and grounding straps when servicing 
is required on sensitive components. Use care when unplugging ICs 
from high-grip sockets. 


S'S. Equipmant Equipment required for troubleshooting and repair of the mainframe 
Required is listed in Table 1-1, Recommended Test Elqvdpment. Any equipment 
that satisfies the critical specifications given in the table may be 
substituted. 

Pozidriv Screwdrivers 

Many screws in the mainframe appear to be Phillips type, but are not. 

To avoid damage to the screw head slots, Pozidriv screwdrivers should 
be used. HP P/N 8710-0899 is the No. 1 Pozidriv and HP P/N 8710-0900 is 
the No. 2 Pozidriv. 

Torz Screwdrivers 

Some screws in the mainframe appear to be Hex type, but are not. To 
avoid damage to the screw heads. Tone screwdrivers must be used. HP 
8710-1284 is size T-10. 


8-4. Troubleshooting 

8-5. General Oscilloscope problems usually fall into four general categories: turn¬ 
on errors, operator errors, instrument performance out of specification, 
and catastrophic failures. The troubleshooting strategy is different for 
each category. 

• Turn-on Errors: An error number (other than ”0") returned 
when an instrument self-test fails indicating that the built-in 
diagnostic routine has detected some problem. Recycle power 
and repeat the self-test. If the error repeats, troubleshooting 
using the procedures in paragraph 8-8. 

• Operator Errors: Apparent failures often result from operator 
errors. Refer to the "HP E1428A Users Manual”, Appendix B for 
additional information on these errors. 

• Instrument Performance Out of Specification: If a 
parameter is out of limits, use the adjustment procedures in 
Chapter 5 to correct the problem. 

• Catastrophic Failure : When a catastrophic failure occurs, 
troubleshooting using the procedures in paragraph 8-8. 
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8-6. Service Aids The following information is provided to assist the technician when 

performing maintenance on the Oscilloscope. 

Assenobly, Parts and Cable Locations 

For specific assembly/component descriptions and ordering 
information, refer to table 6-3, "Replaceable parts", in Chapter 6. 
Chassis and frame parts, as well as mechanical parts (MP's) and 
cables (W or CBL), are identified in the illustrated parts breakdown 
(IPB) in Chapter 6. 

Test Points and Adjustment Locations 

There are no test points for the Oscilloscope. Manual adjustment 
locations are provided in Chapter 5. 

Service Aids on Printed Circuit Boards 

Service aids on printed circuit boards include pin numbers, some 
reference designations, and assembly part numbers. 

Other Service Documents 

Service Notes, Manual Updates, and other service literature are 
available through Hewlett-Packard. For further information, contact 
your nearest Hewlett-Packard office. 

8-7. Visual Inspection Visually inspect the Oscilloscope for any signs of abnormal internally 

generated heat, such as discolored printed circuit boards or components, 
damaged insulation, or evidence of arcing. Determine and remedy the 
cause of any such condition. 

Switch Settings 

Verify the logical address setting is set to the correct setting (factory set 
at 40). 

Verify the bus request/grant level setting is set to the correct setting 
(factory set at level 00). 


Note Refer to the HP E1428A User’s Manual for more information. 

Connections 

Verify that all connector contacts are not damaged, and that all cable 
connectors are making positive contact. 

• Panel BNC Connectors. 

• Backplane connector contacts. 

• Ribbon cable connector contacts. 
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8-8. Troubleshooting Perform the following steps to isolate a malfunction within the 
Test Oscilloscope to a user replaceable component. 


Note Chapter 6 contains a list of all user replaceable parts. If a part is not 

listed, return the defective PCA to Hewlett-Packard for exchange. 


1. Perform clear status C^CLS), reset (*RST), then preset 
(SUMM:PRES) the Oscilloscope. 

2. Execute the Oscilloscope self diagnostic using the TEST:tall 
command. 

3. After the test is complete, read the results in the summary 
questionable test event register (SUMM:QUES:TEST?). 

If "0" is returned, then no error has occurred. Proceed with step 4. 

If "0” is not returned, query the individual TEST event registers to 
determine the malfunction. Use the information provided below to 
help isolate the problem. See Chapter 4 or 6 in the E1428A User's 
Manual for querying test results in the individual registers. 


Test Failure 

Probable Cause/Action 

Display RAM 

Not Applicable 

System RAM 

A2 PCA malfunction. Return for exchange. 

Non-volatile RAM 

A2 PCA malfunctton. Return for exchange. 

Acquisition RAM 

A1 PCA malfunction. Return for exchange 

Logic Trigger 

A1 PCA malfunction. Return for exchange. 

Analog Trigger 

A1 PCA malfunction. Return for exchange. 

Time Base 

A1 PCA malfunction. Return for exchange 

D/A Converter 

A1 PCA malfunction. Return for exchange 

A/D Converter 

A1 PCA malfunction. Return for exchange 
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4. Disconnect power and remove oscilloscope from the mainframe. 
Remove the oscilloscope top cover, and separate A2 Memory PCA A1 
Motherboard PCA (see information in this chapter). Use the 
following information to isolate the problem to a user replaceable 
part. 


Step 

Description 

Probable Cause/Action 

1. 

Power Supplies 

1. Check A1 FI through A1F6. 

2. Check A1P1/P2. 

2. 

Signal Connection 

1. Check all connectors. 

2. Check all contacts. 

3. Check all cables. 

3. 

Visual inspectbn/lmproper Operation 

1. Inspect (see next page). 

2. Verify connection. 

3. Verify proper operation. 


5. If malfunction cannot be isolated to a user replaceable component, 
return the Oscilloscope to Hewlett-Packard for repair. 
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8-9. Repair and Replacement 

8-10. Disassembly Procedures are provided for disassembly and re-assembly of the 
and Reassembly following items: 

• A1 Motherboard Printed Circuit Assembly 

• A2 Memory Printed Circuit Assembly 

• ATI and AT2 Vertical Attenuators 

A1 Motherboard Printed Circuit Assembly 

1. Remove the A2 Memory PCA (see instructions in this chapter). 


Caution static electricity is a m^or cause of component failure. To prevent 

damage to the electrical components in the Digitizing Oscilloscope, 
observe anti-static techniques whenever working on the Oscilloscope. 


2. Remove the six 1/4 in. threaded stand-off from the rear center of the 
board, and the bottom shield. 

3. Remove the four connector nuts. 

4. Remove two Tone screws and washers. 

5. Remove the front panel. 

6. Reverse order to reinstall A1 Motherboard PCA. 

A2 Memory Printed Circuit Assembly 

1. Remove two long Torx, and six short Torx flathead screws. 

2. Loosen the four connector nuts. 

3. Remove the top shield. 


Caution static electricity is a major cause of component failure. To prevent 

damage to the electrical components in the Digitizing Oscilloscope, 
observe anti-static techniques whenever working on the Oscilloscope. 


4. Separate the A2 Memory PCA from the Al Motherboard PCA (two 
connectors). 

5. Reverse order to reinstall A2 Memory PCA 
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Figure 8-1. A1/A2 PCA Removal 
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ATI and AT2 Vertical Attenuators 

1. Remove the A1 Motherboard PCA (see instructions in this chapter). 

2. Remove the two Torx TIO pan head screws from the circuit side of the 
board. 

3. Lift straight-up to unpliig and remove the Vertical Attenuator. 

4. Reverse order to reinstall ATI or AT2 Vertical attenuators. 

5. Perform High FVequency Pulse Adjustment (see instructions in 
chapter 5). 
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Caution 


Repair The following information is provided to assist the technician in 
repairing the Oscilloscope: 

Etched Circuits (Printed Circuit Boards) 

The etched circuit boards in the Oscilloscope have plated throuigh holes 
which make a solder path through to both sides of Ae insulating 
material. Soldering can be done from either side of the board with 
equally good results. When soldering to any circuit board, keep in 
mind the following recommendations: 

1. Avoid unnecessary component unsoldering and soldering. 
Excessive replacement can result in damage to the circuit board 
and/or adjacent components. 

2. Do not use a high power soldering iron on etched circuit boards. A 
38-watt soldering iron is recommended. Excessive heat may lift a 
conductor or damage the board. 


Do not use a sharp metal object such as an awl or twist drill in the 
following step. Sharp objects may damage the plated through conductor. 


3. Use a suction device or wooden toothpick to remove solder from 
component mounting holes. When using a suction device make 
sure that equipment is properly grounded to prevent electrostatic 
discharge from damaging MOS devices. 

Electrostatic Discharge (ESD) Precautions 

Electrostatic discharge (ESD) can cause damage to certain assemblies 
in the Oscilloscope. The damage can range from slight degradation of 
a parameter to catastrophic failures. 

MOS, CMOS, and other static sensitive devices are used in this 
instrument. They are prone to damage from both static electricity and 
transient signals. They must be handled carefully. When working on 
the Oscilloscope assemblies, keep in mind the following 
recommendations to avoid damaging these sensitive components. 

1. Use a static-free work station with a pad of conductive rubber or 
similar material. 

2. After removing assemblies from the Oscilloscope, be sure that they 
are placed on a conductive surface to guard against ESD damage. 
Do not stack boards. 

3. When removing a MOS or CMOS device from a high grip socket, be 
careful not to damage it. Avoid removing devices from these 
sockets with pliers. Instead, use a small screwdriver to pry the 
device up from one end, slowly pulling it up one pair of pins at a 
time. 

4. Once a MOS or CMOS device has been removed from an assembly, 
immediately stick it into a pad of conductive foam or other suitable 
holding medium. 
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5. When replacing a MOS or CMOS device, ground the foam on which 
it resides to the instrument before removing it. If a device requires 
soldering, make sure that the assembly is l 3 dng on a pad of 
conductive material, and that the pad, soldering iron tip, and 
personnel, are grounded to the assembly. Apply as little heat as 
possible. 

6. Before turning the instrument off, remove any large ac sources that 
may be driving MOS switches. 

Assembly Exchange Program 

Table 6-1 lists assemblies that are available on an exchange basis. 

Refer to the table, and the "Exchange Assemblies" paragraph in Chapter 
6 for further information. 

Limited Repair Assemblies 

Repair of non-exchange assemblies is limited to replacement of 
selected parts. Replaceable parts (fuses, connectors, hardware) for all 
Oscilloscope assemblies are listed in table 6-2. 

Post Repair Adjustments 

Adjustment procedures are provided in Chapter 5. 

Post Repair Safety Checks 

Visually inspect the Oscilloscope for any signs of abnormal internally 
generated heat, such as discolored printed circuit boards or components, 
damaged insulation, or evidence of arcing. Determine and remedy the 
cause of any such condition. 
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Referenced 

Publications 

This appendix lists all operating, installation, and service manuals 
referenced in this manual. 

Publication Title 

Publication Part Number 

Ordering Address 

HP E1400B User’s Manual 

E1400-90005 

See Sales and Support Offices 
listed in the back of this manual 

HP E1405A User’s Manual 

E1405-90001 

See Sales and Support Offices 
listed in the back of this manual 

HP E1428A User’s Manual 

E1428-97001 

See Sales and Support Offices 
listed in the back of this manual 

HP E1428A Service Manual 

E1428-97002 

See Sales and Support Offices 
listed in the back of this manual 
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